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ABSTRACT 
Field trials conducted over two years evaluated weed control programs in second generation 
glyphosate-resistant (GR) cotton (Gossypium hirsutum L.).  In a co-application study, glyphosate 
applied alone at the standard rate or in combination with acephate, acetamiprid, bifenthrin, 
cyfluthrin, cypermethrin, dicrotophos, dimethoate, emanectin benzoate, imidacloprid, 
indoxacarb, lambda-cyhalothrin, methoxyfenozide, spinosad, thiamethoxam, zeta-cypermethrin, 
mepiquat pentaborate, sodium calcium borate, and a foliar nitrogen fertilizer resulted in similar 
control of barnyardgrass [Echinochloa crus-galli (L.) Beauv.] (96-97%), johnsongrass [Sorghum 
halepense (L.) Pers.] (98%), hemp sesbania [Sesbania herbacea (P. Mill.) McVaugh] (66-73%), 
pitted morningglory (Ipomoea lacunosa L.) (67-72%), and sicklepod [Senna obtusifolia (L.) H. 
S. Irwin & Barneby] (86-91%), regardless of application timings at 3 to 4 lf or 7 to 8 lf weed 
stages.  Additionally, fresh weight reduction was equivalent for treatments of glyphosate alone 
and co-applications and ranged from 89 to 100%.  Weed control data from field studies in second 
generation GR cotton indicate the inclusion of fluometuron preemergence (PRE) to glyphosate 
postemergence over-the-top (POT) programs beneficial for some, but not all species evaluated, 
and very little difference was observed between two or three POT applications of glyphosate.  
Use of fluometuron PRE can prove beneficial in maximizing yield when early season glyphosate 
applications are delayed.  In a related study, data suggests herbicides s-metolachlor, pyrithiobac, 
and trifloxysulfuron provide similar season-long control of most weeds evaluated.  
Barnyardgrass and browntop millet [Urochloa ramosa (L.) Nguyen] control can be maximized 
with co-application of s-metolachlor and glyphosate.  Timing of residual herbicide applied at 2, 
6, or 10 lf had little or no affect on control observed.  For palmer amaranth (Amaranthus palmeri 
S. Wats.), sicklepod, barnyardgrass, and browntop millet, season-long control was optimized 
 vii 
with residual herbicide applied at the 2 or 10 lf growth stages.  Similar yield response can be 
expected among herbicides evaluated in combination with glyphosate.  Analysis of yield data 
suggest the most consistent residual herbicide application timing for optimizing yield occurred at 
the 2 lf growth stage. 
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CHAPTER 1 
 
INTRODUCTION 
 
     Weeds compete with crops for water, nutrients, sunlight, and space and are defined as any 
plant that is out of place, in an undesirable location, or a plant that has no value (Hartmann et al. 
1988).  In 2001, the ten most troublesome weeds in cotton in Louisiana were morningglories 
(Ipomoea spp.), nutsedge (Cyperus spp.), pigweed (Amaranthus spp.), bermudagrass [Cynodon 
dactylon (L.) Pers.], hemp sesbania [Sesbania herbacea (P. Mill.) McVaugh], redvine 
[Brunnichia ovata (Walt.) Shinners], sicklepod [Senna obtusifolia (L.) H.S. Irwin & Barneby], 
prickly sida (Sida spinosa L.), pennsylvania smartweed (Polygonum pensylvanicum L.), and wild 
okra [Abelmoschus escultentus (L.) Moench] (Webster 2001).  In that year, estimated monetary 
losses due to weeds in cotton reached $37,221,000 in Louisiana and herbicide costs were 
estimated to be near $111.00 per hectare (Kelly 2001). 
     The significance of weeds in cotton production has been evident since the cotton plant was 
introduced to English settlers at Jamestown in the early 1600s (Supak et al. 1992).  Weed 
management in cotton is highly dependent upon cost of control measures, interference and 
competition of weed species present, and a decrease in harvest efficiency and quality of lint 
caused by weed presence (Bryson et al. 1999).  Early research on effects of weeds in cotton 
underscored the importance of competition as it was determined that cotton maintained weed-
free early in the growing season could yield approximately three times greater than cotton 
allowed to compete with weeds for six weeks after planting (Ducker and Hoyle 1948).  Before 
introduction of consistent and highly effective chemical methods in the 1950’s, there were 
various methods of weed control used in cotton including manual tillage, tillage with a rotary 
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hoe/cultivator, or flame cultivation (Christidis and Harrison 1955).  At this time, the importance 
of effective weed control in cotton was realized and an integrated weed control approach was 
employed involving the use of two or more techniques chosen from five general weed control 
categories: preventive, biological, cultural, mechanical, and chemical (Anderson 1983).     
      In the late 1960’s, chemical weed control methods gained acceptance in cotton production 
systems with 22 herbicides registered for use in the crop (Buchanan 1992a).  During this period, 
approximately 91% of the cotton crop in the United States received at least one herbicide 
application throughout the growing season (Timmons 1970).  Most of these chemical 
applications consisted of preemergence (PRE) or preplant incorporated (PPI) herbicides due to 
the lack of selective postemergence (POST) herbicides available for use in cotton (Kasasian 
1972).  By early 1990, the number of herbicides labeled for use in cotton in the United States 
increased tremendously with approximately 60 registered for use (Anonymous 2004a).  A 
majority of these new products were herbicides with selective POST weed control activity and 
traditional cotton herbicide programs changed to include multiple applications during the 
growing season with a PRE/PPI application at planting followed by a POST application over-
the-top (POT) of the crop early or mid-season and concluded with a postdirected spray (PDS) or 
layby (LYBY) application made underneath the crop (Jordan et al. 1997a).  Research has 
confirmed maximum weed control benefits and maximum yields in cotton are direct results of a 
complete weed management system that include a combination of multiple application methods 
(Burke and Wilcut 2004).  Nevertheless, in the late 1990’s, cotton growers saw a dramatic 
change in weed control, resulting from advances in biotechnology, and cotton weed control 
systems would once again conform to even more modern day standards.        
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      Coinciding with greater reliance on POT weed control in the early 90’s, conventional cotton 
was genetically altered to resist or exhibit increased tolerance to selected herbicides.  
Approximately 25% of the United States cotton crop was planted to these herbicide tolerant 
varieties in 1997, and increased to 45% in 1998 (Hagedorn 2004).  By 2003, approximately 76% 
of the United States cotton crop was planted to herbicide tolerant varieties and for Louisiana 
alone that number reached 92% (Stewart, personal communication, 2004). 
     Conventional cotton varieties that have been genetically altered to tolerate applications of the 
herbicide glyphosate {N-(phosphonomethyl)glycine} are registered as “Roundup Ready®”.  
Glyphosate was introduced to the marketplace in 1974 (Franz et al. 1997), and recent estimates 
from the United States Environmental Protection Agency (EPA) state that annual use of 
glyphosate in the United States is between 103 and 113 million pounds, making it the most 
commonly used agricultural pesticide (Kiely et al. 2004).  Glyphosate is a broad spectrum, non-
selective herbicide that is active on most grass and some broadleaf species (Krausz et al. 1996; 
Jordan et al. 1997b; Wilcut et al. 1996).  Glyphosate is absorbed through the leaves or the stem 
of plants and inhibits the enzyme 5-enolpyruvylshikimic acid-3-phosphate synthase (EPSPS), 
which is part of the shikimic acid pathway and is involved in the production of the aromatic 
amino acids phenylalanine, tyrosine, and tryptophan that are required for protein synthesis 
(Somerville 1993).  Tolerance to glyphosate has been accomplished by the insertion of a cloned 
gene for EPSPS from Agrobacterium spp. strain CP4 that reduces cotton sensitivity to glyphosate 
(Johnson 1996). 
     In 2003, an estimated 73% of the total United States cotton crop was planted to glyphosate-
resistant cotton.  In 2005, Louisiana cotton producers planted approximately 98% of total cotton 
hectares with glyphosate-resistant (GR) cotton, leaving only 2% to represent conventional cotton 
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varieties (Stewart, personal communication, 2005).  Currently, standard glyphosate programs 
utilize early POT applications of glyphosate followed by a PDS or LYBY application beneath 
the crop, which has proven to require fewer herbicide applications and allow for greater 
flexibility when compared to conventional cotton weed control systems (Culpepper and York 
1998).  When compared to these conventional programs, Roundup Ready® systems when used 
according to label directions provide comparable broadleaf and grass control while resulting in 
similar cotton yield and net returns (Culpepper and York 1999).  Although a weed control system 
that mainly utilizes glyphosate has shown great promise, a weakness is that glyphosate does not 
have soil activity (Brecke and Colvin 1997; Keeling et al. 1998; Franz et al. 1997).  An 
advantage of lacking soil activity is that growers can utilize the practice of crop rotation in 
conjunction with glyphosate without risk of herbicide carryover (Batts et al. 1998; York 1993).  
A disadvantage, however, is that growers may need to add soil applied or other POT herbicides 
to their weed control program in order to adequately control weeds throughout the growing 
season (Jennings et al. 1997; Murdock et al. 1996).         
     With current first generation GR cotton varieties, glyphosate is labeled for POT application 
prior to the fifth-leaf stage of cotton (Anonymous 2004b).  Studies have shown that POT 
glyphosate applications to GR cotton after the four-leaf stage can result in early-season fruit loss 
and a delay in crop maturity (Jones and Snipes 1999).  Furthermore, if labeled PDS applications 
of glyphosate to GR cotton are applied past four-leaf and foliar contact is achieved, boll loss and 
decreased boll size can occur, resulting in significant yield loss (Viator et al. 2004).  Pline et al. 
(2001) demonstrated that glyphosate is readily translocated to fruiting sites with contact to the 
lower stem.  The resulting fruit abortion has been shown to be caused by a reduction in pollen 
viability and deposition to the stigma (Pline et al. 2003).    
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     Research is currently underway evaluating a second generation of GR cotton labeled 
Roundup Ready Flex® cotton.  The term “Flex” refers to the added flexibility that this second 
generation GR cotton will provide by extending glyphosate applications POT throughout the 
growing season.  This new GR cotton has shown no visual injury or yield reduction when 
glyphosate was applied POT beyond four-leaf and throughout most of the growing season 
(Keeling et al. 2003).  Also, second generation GR cotton has shown excellent tolerance to 
glyphosate at these extended application timings resulting in no negative effects on cotton 
growth or fiber characteristics (Martens et al. 2003). The plant characteristic that allows for this 
extended glyphosate resistance is a result of the use of an altered promoter sequence that can 
regulate the expression of the Agrobacterium spp. CP4 EPSP synthase coding sequence allowing 
the cotton plant to withstand later applications of glyphosate to foliage or stem (Croon et al. 
2005).  In first generation GR cotton, yield losses to POT glyphosate applications beyond four-
leaf can occur and are due to a non-existent CP4 EPSP synthase protein in the microspores and 
tapetum of the male reproductive tissues.  In second generation GR cotton varieties, this protein 
is strongly present in these male reproductive tissues and no yield reductions have been 
documented from later POT glyphosate applications (Chen et al. 2003). 
     As a result of the ability to apply POT applications of glyphosate throughout most of the 
growing season in second generation GR cotton, co-application with insecticides could be 
beneficial and cost-effective and should be expected.  Other herbicides such as glufosinate {2-
amino-4-(hydroxymethylphosphinyl)butanoic acid}, trifloxysulfuron {N-[(4, 6-dimethoxy-2-
pyrimidinyl)amino] carbonyl-3-(2, 2, 2-trifluoro-ethoxy)-pyridin-2-sulfonamide sodium salt}, 
and pyrithiobac {2-chloro-6-[(4,6-dimethoxy-2-pyrimidinyl)thio]benzoic acid} have been 
studied in co-application with various insecticides resulting in little to no adverse effect on weed 
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control (Costello et al. 2005; Miller et al. 2005a; Miller et al. 2005b).  Preliminary studies with 
glyphosate and co-application with insecticides also showed little to no negative effect on weed 
control (Pankey et al. 2004).  However, this study did not include some weed species, did not 
take into account different weed stages at application, and did not include some of the currently 
used insecticides in cotton.  
     The implementation of this second generation in cotton resistance to glyphosate has potential 
to increase use of glyphosate because of the added flexibility in weed control programs.  
Glyphosate resistance in weeds has been confirmed (Baerson et al. 2002; Koger et al. 2004), and 
has been attributed to increases in glyphosate use.  Resistance management strategies are 
expected to significantly increase weed control costs for producers (Mueller et al. 2005).  
Herbicides that provide soil residual weed control and that have a different mode of action 
(MOA) from that of glyphosate could be utilized in this second generation GR cotton system to 
help prevent development of glyphosate resistance.          
     With the introduction of this second generation of GR cotton, growers will have options to 
use more integrated pest management (IPM) strategies that could include co-applications of 
glyphosate with insecticides, foliar fertilizers, and plant growth regulators.  Cotton growers will 
also have additional weed control options with more flexibility in glyphosate application timing 
and use of PRE herbicides in combination with glyphosate to provide residual soil activity.  This 
research will evaluate glyphosate co-applications with insecticides, foliar fertilizers, and plant 
growth regulator with respect to weed control, determine the importance of PRE herbicides and 
glyphosate timings on optimizing weed control, and evaluate the potential weed control benefits 
of glyphosate tank-mixes with soil residual herbicides at various application timings.      
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CHAPTER 2 
GLYPHOSATE EFFICACY ON SELECTED WEED SPECIES IS UNAFFECTED BY 
CHEMICAL CO-APPLICATION** 
 
Introduction 
      Acceptance of glyphosate-resistant technology by cotton producers has increased 
tremendously since commercialization, with a majority of acreage in a number of cotton 
producing states planted to varieties containing the herbicide resistance trait (Sankula and 
Blumenthal 2004).  The high rate of adoption is attributed to fewer herbicide applications and 
greater application flexibility than conventional cotton weed control systems (Culpepper and 
York 1998).  When compared with traditional weed control programs, glyphosate-resistant 
programs have provided comparable broadleaf and grass control while resulting in similar cotton 
yield and net returns (Culpepper and York 1999).  A limitation to current glyphosate-resistant 
cotton weed control systems is that over-the-top applications of glyphosate {N-
(phosphonomethyl)glycine} are restricted by labeling beyond the four-leaf growth stage 
(Anonymous 2004b).  Topical applications beyond this label restriction can result in early-season 
fruit loss and delayed maturity (Jones and Snipes 1999), therefore subsequent glyphosate 
applications must be directed to the base of cotton plants (Anonymous 2004b).  Advancements in 
glyphosate-resistant cotton technology have led to the development of Roundup Ready Flex® 
cotton, which can tolerate over-the-top applications of glyphosate well beyond the current label 
restrictions with no adverse effects to the crop (Keeling et al. 2003; Martens et al. 2003).  
Cotton insect control and crop management often require multiple chemical applications 
throughout the growing season (Edmisten et al. 2005), and such application timings often 
coincide with need for glyphosate application.  Introduction of Roundup Ready Flex® cotton may 
                                                 
**Reprinted by permission of Weed Technology and WSSA. 
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afford producers the opportunity to integrate pest and crop management strategies through co-
application of glyphosate, a nonselective systemic herbicide, with insecticides, plant growth 
regulators, or foliar-applied fertilizers.  Glyphosate co-applications could reduce the number of 
in-season applications and reduce production costs, assuming negative impact is not observed on 
target pests or crop.  Previous research has shown no adverse effects from insecticide co-
application with glyphosate on tolerance of Roundup Ready Flex® cotton (Miller et al. 2004).   
Past research has shown conflicting results on weed control efficacy of herbicides when co-
applied with insecticides.  Mascarenhas and Griffin (1997) observed a reduction in barnyardgrass 
(Echinochloa crus-galli (L.) Beauv.) control when imidacloprid {1-[(6-chloro-3-
pyridinyl)methyl]-N-nitro-2-imidazolidinimine} was tank-mixed with glyphosate.  They also 
reported a reduction in control of pitted morningglory (Ipomoea lacunosa L.) from glyphosate 
tank-mixes of chlorpyrifos {O,O-diethyl O-3,5,6-trichloro-2-pyridyl phosphorothioate}, fipronil 
{5-amino-1-(2,6-dichloro-α,α,α-trifluoro-p-tolyl)-4-trifluoromethylsulfinylpyrazole-3-
carbonitrile}, methamidophos {O,S-dimethyl phosphoramidothioate} or imidacloprid.  A 
reduction in grass control has also been reported when tank-mixing the insecticide carbaryl {1-
naphthyl methylcarbamate} with the grass herbicide sethoxydim {2-[1-(ethoxyimino)butyl]-5-[2-
(ethylthio)propyl]-3-hydroxy-2-cyclohexen-1-one} (Byrd and York 1988).  In addition, a 
reduction in the control of palmer amaranth (Amaranthus palmeri S. Wats.) , smooth pigweed 
(Amaranthus hybridus L.), common lambsquarters (Chenopodium album L.), jimsonweed 
(Datura stramonium L.), and prickly sida (Sida spinosa L.) was observed when the herbicide 
trifloxysulfuron {N-[(4, 6-Dimethoxy-2-pyrimidinyl)amino] carbonyl-3-(2, 2, 2-trifluoro-
ethoxy)-pyridin-2-sulfonamide sodium salt} was co-applied with the insecticides acephate {O,S-
dimethyl acetylphosphoramidothioate}, oxamyl {(EZ)-N,N-dimethyl-2-
 9 
methylcarbamoyloxyimino-2-(methylthio)acetamide}, lambda-cyhalothrin {rel-(R)-cyano(3-
phenoxyphenyl)methyl (1S,3S)-3-[(1Z)-2-chloro-3,3,3-trifluoro-1-propenyl]-2,2-
dimethylcyclopropanecarboxylate}, acetamiprid {(1E)-N-[(6-chloro-3-pyridinyl)methyl]-N′-
cyano-N-methylethanimidamide}, thiamethoxam {3-[(2-chloro-5-thiazolyl)methyl]tetrahydro-5-
methyl-N-nitro-4H-1,3,5-oxadiazin-4-imine}, endosulfan {(1,4,5,6,7,7-hexachloro-8,9,10-
trinorborn-5-en-2,3-ylenebismethylene) sulfite or 6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-
hexahydro-6,9-methano-2,4,3-benzodioxathiepin 3-oxide}, indoxacarb {methyl (4aS)-7-chloro-
2,5-dihydro-2-[[(methoxycarbonyl)[4-(trifluoromethoxy)phenyl]amino]carbonyl]indeno[1,2-
e][1,3,4]oxadiazine-4a(3H)-carboxylate}, emamectin benzoate {(4″R)-4″-deoxy-4″-
(methylamino)avermectin B1}, methoxyfenozide {3-methoxy-2-methylbenzoic acid 2-(3,5-
dimethylbenzoyl)-2-(1,1-dimethylethyl)hydrazide}, 
spinosad{(2R,3aS,5aR,5bS,9S,13S,14R,16aS,16bR)-2-[(6-deoxy-2,3,4-tri-O-methyl-α-L-
mannopyranosyl)oxy]-13-[[(2R,5S,6R)-5-(dimethylamino)tetrahydro-6-methyl-2H-pyran-2-
yl]oxy]-9-ethyl-2,3,3a,5a,5b,6,9,10,11,12,13,14,16a,16b-tetradecahydro-14-methyl-1H-as-
indaceno[3,2-d]oxacyclododecin-7,15-dione mixture with 
(2S,3aR,5aS,5bS,9S,13S,14R,16aS,16bS)-2-[(6-deoxy-2,3,4-tri-O-methyl-α-L-
mannopyranosyl)oxy]-13-[[(2R,5S,6R)-5-(dimethylamino)tetrahydro-6-methyl-2H-pyran-2-
yl]oxy]-9-ethyl-2,3,3a,5a,5b,6,9,10,11,12,13,14,16a,16b-tetradecahydro-4,14-dimethyl-1H-as-
indaceno[3,2-d]oxacyclododecin-7,15-dione}, and pyridalyl {2,6-dichloro-4-(3,3-
dichloroallyloxy)phenyl 3-[5-(trifluoromethyl)-2-pyridyloxy]propyl ether} (Miller et al. 2005a).  
Pankey et al. (2004) noted a reduction in control of hemp sesbania (Sesbania herbacea (P. Mill.) 
McVaugh) when the insecticides lambda-cyhalothrin and fipronil were co-applied with 
glyphosate.  However, they reported no reduction in control of pitted morningglory, redweed 
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(Melochia corchorifolia L.), and prickly sida when glyphosate was combined with the 
insecticides acephate, dicrotophos {(1E)-3-(dimethylamino)-1-methyl-3-oxo-1-propenyl 
dimethyl phosphate}, dimethoate {O,O-dimethyl S-[2-(methylamino)-2-oxoethyl] 
phosphorodithioate}, fipronil, imidacloprid, lambda-cyhalothrin, oxamyl, or endosulfan.  In a 
similar study, Miller et al. (2005b) reported the insecticides dicrotophos, acephate, 
thiamethoxam, acetamiprid, imidacloprid, bifenthrin {rel-(2-methyl[1,1′-biphenyl]-3-yl)methyl 
(1R,3R)-3-[(1Z)-2-chloro-3,3,3-trifluoro-1-propenyl]-2,2-dimethylcyclopropanecarboxylate}, 
lambda-cyhalothrin, cyfluthrin {cyano(4-fluoro-3-phenoxyphenyl)methyl 3-(2,2-
dichloroethenyl)-2,2-dimethylcyclopropanecarboxylate}, indoxacarb, spinosad, ememectin 
benzoate, and methoxyfenozide co-applied with the herbicide glufosinate {2-amino-4-
(hydroxymethylphosphinyl)butanoic acid} resulted in no reductions in visual weed control or 
fresh weight reduction of hemp sesbania, redroot pigweed (Amaranthus retroflexus L.), pitted 
morningglory, prickly sida, or sicklepod (Senna obtusifolia (L.) H. S. Irwin & Barneby) 
compared with glufosinate alone.  Costello et al. (2005) also reported no reduction in control of 
pitted morningglory, entireleaf morningglory (Ipomoea hederacea var. integriuscula Gray), 
prickly sida, or hemp sesbania when the herbicide pyrithiobac {2-chloro-6-[(4,6-dimethoxy-2-
pyrimidinyl)thio]benzoic acid} was co-applied with the insecticides acephate, dicrotophos, 
imidacloprid, fipronil, lambda-cyhalothrin, oxamyl, carbofuran (2,3-dihydro-2,2-
dimethylbenzofuran-7-yl methylcarbamate), and dimethoate.  Chemical agents other than 
insecticides have also been shown to cause antagonism when co-applied with herbicides.  A 
reduction in control of common lambsquarters, large crabgrass (Digitaria sanguinalis L.), 
morningglory spp., and smooth pigweed has been documented when manganese was added to 
herbicide solutions of glyphosate (Bailey et al. 2002). 
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With the intent of reducing inputs and costs, growers may find it beneficial to tank-mix 
glyphosate with other crop management chemicals when making applications to their cotton 
crop.  Roundup Ready Flex® cotton will allow mid-season applications of glyphosate, which 
may coincide with several mid-season chemical applications.  Previous research on weed control 
efficacy as affected by glyphosate co-applications did not include many currently available 
insecticides or plant growth regulators and foliar fertilizers, did not evaluate growth stage at 
application as a factor in weed response, and differed from the current research on weed species 
evaluated (Pankey et al. 2004).  Therefore, research was conducted to observe and quantify the 
effects of fifteen insecticides, a plant growth regulator, and two foliar fertilizers on control of 
selected weeds when co-applied with glyphosate and to determine if the potential effects from 
selected co-applications on glyphosate efficacy is influenced by weed growth stage at 
application.  
Materials and Methods 
Research was conducted in 2004 at the Dean Lee Research Station in Alexandria, LA.  
Barnyardgrass, hemp sesbania, johnsongrass [Sorghum halepense (L.) Pers.], pitted 
morningglory, and sicklepod seed were planted at a depth of 2 cm in a 1:1 mixture of peat moss 
and Latanier silt loam soil (clayy over loamy, smetitic over mixed, superactive, thermic oxyaquic 
Hapleederts) in trade gallon (17 x 16.5 cm) nursery containers1 and thinned to one plant per 
container prior to treatment.  Containers remained outdoors for the duration of the study and 
were arranged in a randomized complete block design (RCB).  Treatments were replicated four 
times and the study was repeated (initiated June 6 and repeated July 10).  Plants were watered as 
needed to maintain maximum growth.  Weed species chosen have been listed among the most 
common and/or troublesome in cotton grown in Southern states (Webster 2001).   
                                                 
1 Blow Molded Pots, BWI Companies, Inc., 6 Fish Hatchery Rd., Forest Hill, LA, 71430 
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Glyphosate2 was applied to each weed at the three- to four- or seven- to eight-leaf growth 
stage at 1120 g ai/ha alone or co-applied with the insecticides acephate at 840 g ai/ha, 
acetamiprid at 56 g ai/ha, bifenthrin at 67 g ai/ha, cyfluthrin at 45 g ai/ha, cypermethrin               
{cyano(3-phenoxyphenyl)methyl 3-(2,2-dichloroethenyl)-2,2-dimethylcyclopropanecarboxylate} 
at 112 g ai/ha, dicrotophos at 448 g ai/ha, dimethoate at 280 g ai/ha, emanectin benzoate at 17 g 
ai/ha, imidacloprid at 53 g ai/ha, indoxacarb at 123 g ai/ha, lambda-cyhalothrin at 45 g ai/ha, 
methoxyfenozide at 140 g ai/ha, spinosad at 84 g ai/ha, thiamethoxam at 53 g ai/ha,  and zeta-
cypermethrin {(S)-cyano(3-phenoxyphenyl)methyl 3-(2,2-dichloroethenyl)-2,2-
dimethylcyclopropanecarboxylate} at 25 g ai/ha, the plant growth regulator mepiquat 
pentaborate {1,1-dimethylpiperidinium} at 78 g ai/ha, a foliar sodium calcium borate 
micronutrient solution3 at 2.3 L/ha, and a foliar nitrogen fertilizer solution4 at 9.4 L/ha.  A 
nontreated control was included for comparison.  The glyphosate rate chosen is the maximum 
allowed per application by current glyphosate-resistant cotton labeling (Anonymous 2004b).  
Insecticides were selected on the basis of recommended uses on troublesome cotton insect pests 
encountered during the growing season (Bagwell et al. 2003).  Plant growth regulator and foliar 
fertilizer treatments were selected in consultation with LSU AgCenter cotton specialist. 
Applications were made using a tractor mounted compressed air sprayer delivering 140 L/ha 
at 220 kPa with four flat fan nozzles5 spaced 50 cm apart.  Parameters measured for each weed 
species included visual weed control 7, 14, and 28 d after treatment (DAT) on a scale of 0 = no 
control to 100 = plant death.  In addition, plants were clipped at the soil surface at 28 DAT and 
                                                 
2 Roundup Weathermax® Herbicide, Monsanto Company, 800 North Lindbergh Boulevard, St. Louis, MO, 63167 
3
 Boron 10%, Helena Chemical Company, 225 Schilling Blvd., Suite 300, Collierville, TN 38017. 
4
 CoRoN® 25-0-0, Helena Chemical Company, 225 Schilling Blvd., Suite 300, Collierville, TN 38017. 
5 Teejet XR 11003 VS nozzle, Spraying Systems Co., North Ave., Wheaton, IL 60188. 
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above ground fresh weight was recorded.  Fresh weight determinations were converted to a 
percent reduction from non-treated control plants.   
Weed control data were analyzed as a RCB design with a factorial arrangement of treatments 
and growth stages with repeated measures over the evaluation intervals.  Fresh weight reduction 
data were also analyzed as a RCB with a factorial arrangement of treatments and growth stages.
 
All data analysis was conducted using SAS PROC MIXED (SAS 2003) procedure with estimates 
of means and standard errors generated using LS means and experiments designated as random 
effects in the model.  Means were separated using the Dunnett’s adjustment (glyphosate alone 
compared with each chemical co-application) at the 0.05 level of significance.  Non-treated 
control plants were included for visual rating reference and fresh weight reduction calculations 
only and were not included in analysis of data.  Repeated measures analysis of visual weed 
control data allowed for pooling of means over rating intervals.   
Results and Discussion 
     Visual Weed Control.  Statistical analysis indicated a lack of treatment by growth stage 
interaction for control of weed species evaluated.  Averaged across weed growth stage at time of 
application and visual rating intervals, glyphosate alone controlled barnyardgrass 97%, hemp 
sesbania 68%, johnsongrass 98%, pitted morningglory 68 %, and sicklepod 89% (Table 1).  
Control of these respective weeds was 96 to 97%, 66 to 73%, 98%, 67 to 72%, and 86 to 91% 
when glyphosate was co-applied with the various tank-mix partners and control was not 
negatively affected compared to that for glyphosate applied alone (Table 1).  These results are 
similar to findings of Pankey et al. (2004) with respect to pitted morningglory control and the 
insecticides acephate, dicrotophos, dimethoate, imidacloprid, and lambda-cyhalothrin where 
weed control was not reduced with co-application of glyphosate and the previously mentioned 
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insecticides compared to glyphosate alone.  However, they did observe a reduction in hemp 
sesbania control when glyphosate was co-applied with lambda-cyhalothrin and fipronil, which 
was attributed to the advanced growth stage of hemp sesbania at the time of treatment 
application.  Our findings are also similar to those of Miller et al. (2005b) in which no reductions 
in control of hemp sesbania, pitted morningglory, and sicklepod were reported when glufosinate, 
a nonselective herbicide labeled for use in transgenic glufosinate-resistant cotton, was co-applied 
with insecticides and growth stages evaluated in the current research.  Also similar to present 
findings, Costello et al. (2005) reported no reduction in control of pitted morningglory, entireleaf 
morningglory, prickly sida, or hemp sesbania when pyrithiobac, a systemic herbicide labeled for 
weed control in cotton, was co-applied with several insecticides evaluated in the current 
research. 
     Fresh Weight Reduction with Glyphosate and Co-applications.  Similar to visual rating 
data, no treatment by growth stage interaction was detected, therefore data were pooled across 
the two growth stages at application timing.  Glyphosate alone resulted in fresh weight 
reductions of 100%, 92%, 100%, 90%, and 95% for barnyardgrass, hemp sesbania, johnsongrass, 
pitted morningglory, and sicklepod, respectively (Table 1).  No differences in fresh weight 
reductions were observed when glyphosate was applied alone or co-applied with insecticides, the 
plant growth regulator, or the two foliar fertilizers.  These chemical combination treatments 
resulted in fresh weight reductions averaging 100%, 91 to 94%, 100%, 89 to 93%, and 95 to 97% 
for the respective weeds evaluated, similar to the results of glyphosate applied alone (Table 1).  
These findings are similar to those of Miller et al. (2005b) where no differences in fresh weight 
reductions were seen when glufosinate was co-applied with the same insecticides used in this 
study.  Likewise, Costello et al. (2005) observed no differences in weed dry weight reductions 
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between pyrithiobac applied alone or co-applied with several insecticides used in the current 
research.      
Collectively, these results suggest that commonly used cotton insecticides, plant growth 
regulator, and foliar fertilizers will not negatively affect control when applied to weeds evaluated 
at the current maximum label rate for over-the-top application.  This may offer producers the 
ability to integrate pest and crop management strategies and reduce application costs without 
sacrificing weed efficacy.  In addition, delaying co-application to larger weeds does not appear to 
negatively impact glyphosate efficacy at the maximum rate evaluated.  
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Table 1.  Control and fresh weight reduction of barnyardgrass, hemp sesbania, johnsongrass, pitted morningglory, and sicklepod with 
glyphosate as influenced by co-applicationª. 
 
              ECHCG                SEBEX                SORHA                                  IPOLA                                         CASOB  
Treatmentb               Rate             CTLc  WTd                            CTL  WT                           CTL  WT                                CTL  WT                                      CTL  WT 
 
                                g ai/ha           __________________________________________________%__________________________________________________ 
 
Glyphosate      1120             97    100   68     92   98     100      68      90   89     95 
 
+   acephate (I)        840             97    100   71     93   98     100      68      91   90     97 
 
+   acetamiprid (I)         56             96    100   70     94   98     100                       72      90                                        86      95 
 
+   bifenthrin (I)          67             96    100       68     92   98     100      70      89                                        87     97 
 
+   cyfluthrin (I)          45             96    100   67     91   98     100      67      89                                        90     97 
 
+   cypermetherin (I)   112             97    100   68     92   97     100      69      91                 89     97 
 
+   dicrotophos (I)       448             96    100   71     92                              98     100                                 69     90                                         89     95 
 
+   dimethoate (I)        280             97    100   73     93                98     100       71     90                                        88     96 
 
+   emanectin 
     benzoate (I)          17             96    100                                72     93   98     100       66     91    91     97 
  
+   imidacloprid (I)       53             97    100   72     92   98     100                    69      91                 89     97 
 
+   indoxacarb (I)        123             97    100   71     92   98     100       68     91    88     97 
 
+   lambda- 
      cyhalothrin (I)         45             96    100   70     93   98     100       69     93    87     96 
 
+   methoxy-  
      fenozide (I)        140             96    100   72     93                98      100       68     92                 89     96 
 
+   spinosad (I)             84             96     100   72     94    98     100       68     89    89     97 
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+   thiamethoxam (I)     53            97     100   69     92   98     100       68     90    87     97 
 
+   zeta- 
     cypermethrin (I)       25            96     100   69     92   98     100      67     90   89     95 
 
+   mepiquat 
     pentaborate (PGR)   78            96     100   69     90   98     100      69     90   91     97 
 
+   boron (FF)               2.3e          96     100   66     92   97     100      67     89   87     97 
 
+   coron (FF)           9.4e          97     100   70     92   98     100      67     90   88     97  
 
              NS    NS   NS   NS   NS    NS      NS    NS   NS    NS 
aMeans pooled over repeated experiments and separated with Dunnet’s adjustment at 0.05 significance level (glyphosate alone 
compared to each glyphosate co-application).  Abbreviations:  ECHCG=barnyardgrass, SEBEX=hemp sesbania, 
SORHA=johnsongrass, IPOLA=pitted morningglory, CASOB=sicklepod, CTL=visual control, WT=fresh weight reduction, NS=not 
significant. 
b Glyphosate (1120 g ai/ha) applied alone or in combination with each insecticide (I), plant growth regulator (PGR), or foliar fertilizer 
(FF). 
cMeans for each weed species represent visual weed control averaged over 7, 14, and 28 d after treatment subjected to repeated 
measures analysis. 
dMeans for each weed species calculated as a percent fresh weight reduction from nontreated control plants 28 d after treatment. 
eIndicated rates are expressed as L/ha. 
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CHAPTER 3 
 
EFFECTIVENESS OF PREEMERGENCE HERBICIDE AND POSTEMERGENCE 
GLYPHOSATE PROGRAMS IN SECOND GENERATION GLYPHOSATE- 
RESISTANT COTTON 
 
Introduction  
 
      Use of preemergence (PRE) herbicides can be beneficial in conventional cotton weed control 
programs.  Porterfield et al. (2002a) reported that in order to maximize weed control and cotton 
lint yield, a complete weed control program including PRE, postemergence (POST), and layby 
(LYBY) applications must be utilized.  Herbicides applied PRE have also been proven to be an 
important part of a reduced tillage cotton program when high populations of competitive weeds 
are present (Toler et al. 2002).   
      After the introduction of glyphosate-resistant (GR) cotton in the late 1990’s, research was 
conducted to evaluate the value of PRE herbicides in cotton weed control programs.  Askew et 
al. (2002) reported that addition of a soil-applied herbicide to a GR cotton program increased net 
profits while at the same time reduced the number of POST applications made to the crop.  Other 
research has shown only minimal differences between weed control systems using only 
glyphosate {N-(phosphonomethyl)glycine} POST applications versus standard weed control 
systems with a soil-applied preplant incorporated (PPI)/PRE application in GR cotton (Faircloth 
et al. 2001; Culpepper and York 1999). 
      Past research on the use of PRE herbicides in GR cotton was conducted using varieties prior 
to 2006 which have a restriction to postemergence over-the-top (POT) glyphosate applications 
later than four-leaf (Anonymous 2004b).  This restriction exists due to adverse effects on early-
season reproductive structures and a delay in crop maturity that can occur from application past 
this critical crop stage (Jones and Snipes 1999).  Labeled postemergence directed (PD) 
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applications of glyphosate to GR cotton resulted in boll loss and a decrease in boll size due to 
glyphosate absorption through foliage or stem after the restricted four-leaf cotton stage resulting 
in yield reduction (Viator et al. 2004).  This disruption of reproductive sites is due to glyphosate 
being readily translocated to fruiting sites with contact to foliage or lower stem of the plant 
(Pline et al. 2001).  Once glyphosate is translocated to these sites, a reduction in pollen viability 
and deposition to the stigma can occur, resulting in subsequent fruit abortion (Pline et al. 2003). 
     To potentially remedy this problem, a second generation of GR cotton will be introduced to 
growers in 2006.  With this technology, termed Roundup Ready Flex®, glyphosate can be 
applied POT throughout most of the growing season with no negative effect to the crop (Keeling 
et al. 2003; Martens et al. 2003).  The reason for this extended resistance to glyphosate results 
from the use of an altered promoter sequence, which can regulate the expression of the 
Agrobacterium spp. CP4 5-enolpyruvylshikimic acid-3-phosphate synthase (EPSPS) coding 
sequence, thus minimizing cotton sensitivity to later applications of glyphosate POT (Croon et 
al. 2005).  A recent survey conducted among numerous cotton growers throughout the United 
States indicated that acceptance of Roundup Ready Flex® technology is expected to be high 
(Marra et al. 2005). 
     The reason for this highly anticipated acceptance is that this advancement in glyphosate 
resistance will offer growers increased simplicity in planning weed control programs, however, it 
is expected that timely glyphosate application will be necessary to maintain consistent weed 
control and cotton yield (Croon et al. 2003).  Buchanan et al. (1980) has shown that yield 
reduction in cotton is directly related to increasing weed density and duration of interference.  
Depending on weed species, rate and timing are major factors determining the effectiveness of 
weed control with glyphosate (Jordan et al. 1997b).  Optimum weed control from glyphosate is 
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achieved when applications are made to small, actively growing weeds and a reduction in weed 
control has been observed when glyphosate is applied to larger weeds (Shaw and Arnold 2002).  
Since glyphosate exhibits limited control on larger broadleaf weed species such as pitted 
morningglory (Ipomoea lacunosa L.), ivyleaf morningglory [Ipomoea hederacea (L.) Jacq.], and 
hemp sesbania [Sesbania herbacea (P. Mill.) McVaugh] (Webster et al. 1999; Culpepper et al. 
2000), a PRE herbicide and ability to make multiple glyphosate POT applications could be 
beneficial for cotton producers. With the adoption of this new glyphosate-resistant technology, 
the use of PRE herbicides in weed control systems is expected to decline and skipped or delayed 
glyphosate POT applications are expected to occur (Stewart, personal communication, 2005).   
    Early season weed control in second generation GR cotton with the use of PRE herbicides and 
the timely application of POST glyphosate treatments could mean the difference between a 
decrease in yield and the achievement of optimum yields for cotton growers.  Therefore, the 
objectives of this research were to (1) evaluate the value of a PRE herbicide in second generation 
GR cotton and (2) determine the optimum POST glyphosate timing needed in second generation 
GR cotton weed control programs to maximize weed control and yield potential. 
Materials and Methods 
     Experiments were conducted in 2004 and 2005 at the Dean Lee Research Station near 
Alexandria, LA and at the Northeast Research Station near St. Joseph, LA, and in 2005 at the 
Milan Research and Education Center near Milan, TN and at the Central Crops Research Station 
near Clayton, NC.   Soil at Alexandria was a Norwood silt loam (fine-silty, mixed, superactive, 
hyperthermic Fluventic Eutrudepts) with a pH of 7.6 and 1.3% organic matter.  Soil at St. Joseph 
was a Commerce silt loam (fine-silty, mixed, superactive, nonacid, thermic Fluvaquentic 
Endoaquepts) with a pH of 6.1 and 1.4% organic matter.  Soil at Milan was a Loring-Memphis 
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silt loam (fine-silty, mixed, active, thermic Oxyaquic Fragiudalfs) with a pH of 6.7 and 1.8% 
organic matter.  Soil at Clayton was a Norfolk sandy loam (fine-loamy, kaolinitic, thermic, Typic 
Kandiudults) with a pH of 6.1 and 2.2% organic matter.   A Roundup Ready Flex® variety was 
planted on May 5 and May 17 at Alexandria and May 28 and May 13 at St. Joseph in 2004 and 
2005, respectively, and on May 4 at Milan and on May 9 at Clayton.  Experimental design at all 
locations was a randomized complete block with three or four replications.  Plots consisted of 
two 97-cm rows 6.1 to 12.2 m in length, depending on location.     
     Treatments consisted of a factorial arrangement of PRE programs [no PRE or fluometuron1 
PRE at 1346 g ai/ha] and POST (glyphosate2 at 1060 g ai/ha) programs with sequential 
applications at:  3 lf followed by (fb) 7 lf fb 14 lf POT; 3 lf fb 7 lf POT; 7 lf POT fb 14 lf PD; 
and 7 lf fb 14 lf POT.  A nontreated control was included for rating comparisons but not included 
in analysis of data.  Fluometuron was chosen as the PRE herbicide because it has been proven to 
increase control of many annual broadleaf weeds and can also increase yield when compared to 
other PRE herbicides (Porterfield et al. 2002a).  Application timings of 14 lf PD beneath the crop 
canopy and 14 lf POT were included in this experiment to compare spray coverage of weeds.  
Applications were made at Alexandria in 2004 and 2005 using a tractor mounted compressed air 
sprayer delivering 140 L/ha.  Treatments were applied at St. Joseph in 2004 and 2005 with a CO2 
backpack sprayer delivering 140 L/ha, and in Milan and Clayton in 2005 with a CO2 backpack 
sprayer delivering 93 L/ha at Milan and 140 L/ha at Clayton.   Weeds evaluated at Alexandria in 
2004 consisted of pitted morningglory, smellmellon (Cucumis melo L.), barnyardgrass 
[Echinochloa crus-galli (L.) Beauv.], and browntop millet [Urochloa ramosa (L.) Nguyen].  In 
2005 at Alexandria, those same weeds in addition to johnsongrass [Sorghum halepense (L.) 
                                                 
1Cotoran® Herbicide, Griffin L.L.C., P. O. Box 1847,Valdosta, GA 31603. 
2Roundup Weathermax® Herbicide, Monsanto Company, 800 North Lindbergh Boulevard, St. Louis, MO, 63167. 
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Pers.], palmer amaranth (Amaranthus palmeri S. Wats.), and hophornbeam copperleaf (Acalypha 
ostryifolia Riddell) were evaluated.  At St. Joseph for each year, pitted morningglory, hemp 
sesbania, redroot pigweed (Amaranthus retroflexus L.), sicklepod [Senna obtusifolia (L.) H.S. 
Irwin & Barneby], johnsongrass, and barnyardgrass were evaluated.  At Milan, weeds evaluated 
consisted of pitted morningglory and smooth pigweed (Amaranthus hybridus L.), while at 
Clayton weeds evaluated were large crabgrass [Digitaria sanguinalis (L.) Scop.], palmer 
amaranth, jimsonweed (Datura stramonium L.), pitted morningglory, common lambsquarters 
(Chenopodium album L.), sicklepod, Texas panicum (Panicum texanum Buckl.), and goosegrass 
[Eleusine indica (L.) Gaertn.]. 
     Parameters measured included visual weed control ratings, based on a scale of 0 to 100% with 
0= no control and 100= plant death, 14, 28, and 56 days after the final herbicide application 
(DAT).  Weed control data for only 56 d are presented since it best represented total season weed 
control achieved from the treatments.  Seed cotton yield was collected at all locations and years, 
except Alexandria in 2004, using a two row mechanical spindle picker with a weigh system.  
Weed control and yield data were subjected to analysis using SAS PROC MIXED procedure and 
locations and years designated as random effects in the model (SAS 2003).  Means were 
separated using Tukey’s method at the 0.05 level of significance.   
Results and Discussion 
     Statistical analysis allowed for pooling over locations and experiment years for all weeds.  A 
PRE X POST interaction was observed only for smooth pigweed and Texas panicum.  Averaged 
across POST glyphosate programs, a statistical benefit ranging from 1 to 8% was observed with 
addition of fluometuron PRE for control of palmer amaranth, sicklepod, common lambsquarters, 
smellmelon, jimsonweed, large crabgrass, goosegrass, and pitted morningglory (Table 2).  Past  
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Table 2. Weed control with or without a preemergence (PRE) herbicide and various glyphosate postemergence (POST) programs in 
second generation glyphosate-resistant cottonabc. 
__________________________________________________________________________________________________________________________________________________________________
 
Treatmentsd   ACCOS AMAPA AMARE CASOB CHEAL CUMMD DATST 
__________________________________________________________________________________________________________________________________________________________________
 
                                                 
_________________________________________________________%_________________________________________________________________ 
PRE 
 
 PRE   94 a  97 a  93 a  93 a  100 a  91 a  100 a 
 No PRE  91 a  94 b  92 a  89 b    99 b  87 b    98 b 
 
POSTe 
 3 fb 7 fb 14 POT 96 a  98 a  94 a  94 a  100 a  93 a  100 a 
 3 fb 7 POT  93 a  97 ab  86 b  89 a  100 a  86 b  100 a 
 7 POT fb 14 PD 92 a  93 b  95 a  89 a    99 a  90 ab    97 a 
 7 fb 14 POT  89 a  95 ab  95 a  93 a  100 a  88 ab    99 a 
 
 
__________________________________________________________________________________________________________________________________________________________________ 
a Means represent visual weed control ratings at 56 days after the last post application and are pooled across locations and years 
(Alexandria, LA 2004: IPOLA, CUMMD, ECHCG, PANRA; Alexandria, LA 2005: IPOLA, CUMMD, ECHCG, PANRA, SORHA, 
AMAPA, ACCOS; St. Joseph, LA 2004 & 2005: IPOLA, SEBEX, AMARE, CASOB, SORHA, ECHCG; Milan, TN 2005: IPOLA; 
Clayton, NC 2005: DIGSA, AMAPA, DATST, IPOLA, CHEAL, CASOB, ELEIN) and separated using Tukey’s method at 0.05 level 
of significance.  Means followed by the same letter do not differ significantly. 
b Abbreviations: ACCOS= hophornbeam copperleaf; AMAPA= palmer amaranth; AMARE= redroot pigweed; CASOB= sicklepod; 
CHEAL= common lambsquarters; CUMMD= smellmelon; DATST= jimsonweed; DIGSA= large crabgrass; ECHCG= barnyardgrass; 
ELEIN= goosegrass; IPOLA= pitted morningglory; PANRA= browntop millet; SEBEX= hemp sesbania; SORHA= johnsongrass; fb= 
followed by; PRE= preemergence; POST= postemergence; POT= post-emergence over-the-top; PD= post-emergence directed. 
c ACCOS, CHEAL, DATST, DIGSA, and ELEIN present only in one experiment.  Data are pooled over two experiments for 
AMAPA, AMARE, CUMMD,  PANRA,  SEBEX, three experiments for CASOB and SORHA, four experiments for ECHCG, and six 
experiments for IPOLA.  
d PRE herbicide was fluometuron applied at 1346 g ai/h and POST herbicide was glyphosate at 1060 g ai/ha.  
e POST timings representative of cotton leaf stages (3, 7, or 14 leaf). 
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Table 2. continued 
__________________________________________________________________________________________________________________________________________________________________
 
Treatments   DIGSA ECHCG ELEIN  IPOLA  PANRA SEBEX SORHA 
__________________________________________________________________________________________________________________________________________________________________
 
                                                 
_________________________________________________________%_________________________________________________________________ 
PRE 
 
 PRE    95 a  84 a  93 a  91 a  75 a  94 a  89 a 
 No PRE  87 b  81 a  85 b  88 b  69 a  94 a  87 a 
 
POST 
 3 fb 7 fb 14 POT 96 a  92 a  92 a  93 a  90 a  95 a  93 a 
 3 fb 7 POT  85 b  68 b  87 a  90 ab  47 b  94 a  83 b 
 7 POT fb 14 PD 92 ab  86 a  88 a  88 b  79 a  95 a  88 ab 
 7 fb 14 POT  93 ab  84 a  89 a  88 b  73 a  94 a  88 ab 
 
 
__________________________________________________________________________________________________________________________________________________________________ 
 
 
 
 
 
 
 
 
 
        
   
 25 
research has shown fluometuron to exhibit excellent broadleaf weed control as a PRE herbicide 
(Porterfield et al. 2002a).  The addition of fluometuron PRE was not beneficial for control of 
hophornbeam copperleaf, redroot pigweed, barnyardgrass, browntop millet, hemp sesbania, and 
johnsongrass, and, for each respective weed, and control averaged 93%, 93%, 83%, 72%, 94%, 
and 88%.  Past research has proven glyphosate can display excellent control of a broad range of 
weed species and may eliminate the benefit of PRE application of fluometuron (Webster et al. 
1999).        
     Averaged across PRE programs, season-long control of palmer amaranth, redroot pigweed, 
smellmelon, large crabgrass, pitted morningglory, and johnsongrass was at least 93, 86, 86, 85, 
88, and 83%, respectively, with only slight differences noted among POST glyphosate programs 
(Table 2).  Of note, control of smellmellon (86%), large crabgrass (85%), and johnsongrass 
(83%) for the glyphosate POT program consisting of 3 fb 7 lf POT was equal to control obtained 
from the delayed glyphosate POT program (7 lf POT fb 14 lf POT or PD), but lower than control 
with the three POT glyphosate program of 3 fb 7 fb 14 lf POT, which provided 93, 96, and 93% 
control of the respective weeds.  Control of barnyardgrass and browntop millet was only 68 and 
47%, respectively, with the POST glyphosate program of 3 fb 7 lf POT which was significantly 
less than all other glyphosate POST programs which provided similar control.  These results are 
probably due to grass seeds germinating throughout the growing season and poor control of late 
emerging populations (Ogg and Dawson 1984).  No differences were observed among POST 
glyphosate programs for control of hophornbeam copperleaf, sicklepod, common lambsquarters, 
jimsonweed, goosegrass, and hemp sesbania with control for each respective weed averaging 
93%, 92%, 100%, 99%, 90%, and 95%. 
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     A significant PRE X POST treatment interaction was observed for control of smooth pigweed 
and Texas panicum.  With respect to smooth pigweed, including fluometuron PRE was 
beneficial for only the two delayed POST glyphosate programs (7 lf POT fb 14 lf PD and 7 fb 14 
lf POT) (Table 3).  Control with these two POT programs without a PRE was around 75% and 
was increased to 99% with the addition of fluometuron PRE.  The two remaining glyphosate 
POT programs resulted in 99% control of smooth pigweed whether or not fluometuron PRE was 
included.  In order to maximize late season control of smooth pigweed, early season control 
using fluometuron PRE or glyphosate applied at the 3 lf stage was necessary.  For control of 
Texas panicum, a benefit to the addition of fluometuron PRE was observed for the POT 
glyphosate programs consisting of 3 fb 7 lf POT (98 vs. 69%) and 7 lf POT fb 14 lf PD (100 vs. 
91%) (Table 3).  With the exception of the glyphosate POT program of 3 fb 7 lf POT in 
conjunction with no PRE application (69%), all glyphosate POT programs resulted in at least 
91% control of Texas panicum. 
     Yield data were pooled across locations and years and a significant PRE X POST treatment 
interaction was observed.  Cotton yield increased 41 and 52% with the addition of fluometuron 
PRE to glyphosate POT programs consisting of 7 lf POT fb 14 lf PD and 7 lf fb 14 lf POT, 
respectively (Table 3).  Yield for other glyphosate POT programs including an earlier 3 lf 
application was not improved when fluometuron was applied PRE.  These results solidify the 
importance of early-season weed control for obtaining optimum yields and are in agreement with 
past research conducted concerning early-season weed interference and weed competition effects 
on cotton yield (Morgan et al. 2001; Tingle et al. 2003; Wood et al. 2002).  Without fluometuron 
PRE, seedcotton yield was maximized with glyphosate POT programs that included an early 
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Table 3. Smooth pigweed and Texas panicum control and seedcotton yield with or without the use of a preemergence (PRE) herbicide 
and glyphosate postemergence (POST) programs in second generation glyphosate-resistant cottonabc. 
__________________________________________________________________________________________________________________________________________________________________ 
               Weed Control                 
                                                                                        ______________________________________________________                                     
 
              AMACH             PANTE                                                Yield                        
                                                          
_______________________________________________________                                                       ___________________________ 
                                                  
 
Treatmentsd   PRE  No PRE  PRE   No PRE  PRE   No PRE 
__________________________________________________________________________________________________________________________________________________________________ 
                                                                        __________________________________%____________________________________                       __________kg/ha___________ 
POSTe 
 3 fb 7 fb 14 POT 99 a  99 a   98 ab  97 ab   2910 a  2560 ab 
 3 fb 7 POT  99 a  99 a   98 ab  69 c   2250 bc 2170 bc
 7 POT fb 14 PD 99 a  78 b   100 a  91 b   2490 ab 1760 cd 
 7 fb 14 POT  99 a  75 b   99 ab  92 b   2400 ab 1580 d 
 
__________________________________________________________________________________________________________________________________________________________________ 
a Means represent visual weed control 56 days after last post application for AMACH (Milan, TN 2005) and PANTE (Clayton, NC 
2005) and yield pooled across all locations (Alexandria, LA 2005; St. Joseph, LA 2004 & 2005; Milan, TN 2005; Clayton, NC 2005) 
and separated using Tukey’s method at 0.05 level of significance.  Interaction means followed by same letter do not differ 
significantly. 
b Abbreviations: AMACH= smooth pigweed; PANTE= Texas panicum; fb= followed by; PRE= pre-emergence; POST= post-
emergence; POT= post-emergence over-the-top; PD= post-emergence directed. 
c
 AMACH and PANTE present in only one study each. 
d PRE herbicide was fluometuron applied at 1346 g ai/ha and POST herbicide was glyphosate at 1065 g ai/ha. 
e POST timings representative of cotton leaf stage (3, 7, or 14 leaf). 
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three-leaf application (2170 to 2560 kg/ha) and once again stresses the importance of early-
season weed control.  With inclusion of fluometuron PRE, however, seedcotton yield was 
maximized with glyphosate POT programs that included a late 14 lf application (2400 to 2910 
kg/ha), indicating the importance of late-season weed control.  
     Collectively, this research demonstrates the variability of weed control results that can occur 
in glyphosate-resistant cotton weed control programs research.  For control of weeds evaluated in 
this study, an application of fluometuron PRE to glyphosate POT programs was beneficial for 
some, but not all species.  Also, three POT applications of glyphosate can improve weed control 
in some cases, but in other situations only two applications are needed for optimum late-season 
weed control.  With regards to spray coverage of late POST applications between 14 lf POT and 
14 lf PD, no differences in weed control were observed, indicating adequate spray deposition 
within the canopy was achieved.  Results also stress the importance of reducing weed 
competition in second generation GR cotton both early and late into the growing season through 
use of fluometuron PRE or timely glyphosate application at the three-leaf cotton growth stage or 
at 14 lf.  In addition, use of fluometuron PRE can prove helpful in maximizing yield when 
environmental conditions delay initial application timing of glyphosate well beyond the three- 
leaf growth stage.  As demonstrated in this research, yields can be maximized with glyphosate 
only POT programs given timeliness of the initial glyphosate application.  
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CHAPTER 4 
 
POSTEMERGENCE WEED CONTROL WITH GLYPHOSATE AND RESIDUAL 
HERBICIDES IN SECOND GENERATION GLYPHOSATE –RESISTANT COTTON  
 
Introduction 
 
     Predictions made in the early 1990’s were that cotton weed control would shift to genetically 
altered plants with high levels of tolerance to key herbicides (Buchanan 1992b).  These new 
technologies would provide greater flexibility in chemical weed control programs for cotton.  
These predictions were valid since in Louisiana in 2005 and in other cotton producing states in 
the U. S. approximately 98% of the cotton crop was planted with glyphosate-resistant (GR) 
cotton (Stewart, personal communication, 2005).  Glyphosate {N-(phosphonomethyl)glycine} is 
a non-selective, systemic herbicide that is active on many broadleaf and grass species (Franz et 
al. 1997; Wilcut et al. 1996).  Usage of glyphosate in a GR cotton weed control system has been 
proven to provide weed control benefits equal to that of traditional cotton weed control systems 
that include multiple applications of various herbicides applied preemergence (PRE), 
postemergence (POST),  and postdirected (PD) (Culpepper and York 1999).  Because glyphosate 
cannot be applied postemergence over-the-top (POT) to GR cotton past the four-leaf stage due to 
negative effects on growth and yield (Anonymous 2004b), a second generation of GR cotton 
labeled as Roundup Ready Flex® has been developed.  This second generation GR cotton will 
allow applications of glyphosate throughout most of the season with no adverse effect on cotton 
(Keeling et al. 2003; Martens et al. 2003).  This technological advancement in weed control will 
allow growers to make multiple glyphosate applications throughout the season and might 
increase grower’s dependence on glyphosate for weed control.  
     Glyphosate has no soil activity since it is tightly bound to most soils and therefore unavailable 
for plant uptake (Ashton and Crafts 1981).  In some cases the combination of glyphosate with 
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other herbicides that have residual weed control activity would be necessary to achieve season-
long weed control (Jennings et al. 1997; Murdock et al. 1996).  Burke et al. (2005) reported an 
increase in cotton yield from treatments that contained herbicides with residual weed control 
activity when compared to multiple treatments of glyphosate alone.  Three cotton herbicides with 
residual weed control activity that could be of value when applied with glyphosate are 
metolachlor {2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl)acetamide}, 
trifloxysulfuron {N-[(4, 6-dimethoxy-2-pyrimidinyl)amino] carbonyl-3-(2, 2, 2-trifluoro-
ethoxy)-pyridin-2-sulfonamide sodium salt}, and pyrithiobac {2-chloro-6-[(4,6-dimethoxy-2-
pyrimidinyl)thio]benzoic acid}.   
     Metolachlor controls a wide range of annual grasses and small seeded broadleaf weeds and 
only has soil activity (Anonymous 2004c).  When applied PRE, metolachlor dissipates slowly 
from the soil surface and can provide excellent grass control (Mueller and Hayes 1997; Mueller 
et al. 1999).  When applied with glyphosate in a standard GR cotton program, increased control 
of several grass species, common ragweed (Ambrosia artemisiifolia L.), velvetleaf (Abutilon 
theophrasti Medik.), common lambsquarters (Chenopodium album L.), smooth pigweed 
(Amaranthus hybridus L.), and palmer amaranth (Amaranthus palmeri S. Wats.) was obtained 
without negatively affecting cotton (Clewis and Wilcut 2003).   
     Trifloxysulfuron is an inhibitor of the enzyme acetolactate synthase (ALS) and controls many 
broadleaf species and offers suppression of many annual grasses and when applied 
postemergence also has soil residual activity (Anonymous 2005a).  When trifloxysulfuron was 
used in a standard GR cotton system, increased control was observed for many broadleaf weeds 
such as sicklepod [Senna obtusifolia (L.) H. S. Irwin & Barneby], ivyleaf morningglory 
(Ipomoea hederaceae Jacq.), pitted morningglory (Ipomoea lacunosa L.), jimsonweed (Datura 
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stramonium L.), and smooth pigweed (Robinson et al. 2003).  Similarly, when trifloxysulfuron 
was co-applied with glyphosate to currently available GR cotton, increased control over that of 
glyphosate alone for common cocklebur (Xanthium strumarium L.), smooth pigweed, common 
ragweed, common lambsquarters, ivyleaf morningglory, pitted morningglory, and tall 
morningglory [Ipomoea purpurea (L.) Roth] was observed and cotton yields were improved 
(Richardson et al. 2004).  Cotton injury in the form of yellowing and stunting can be observed 
following POT applications of trifloxysulfuron, but injury lessens over time and no negative 
effect on cotton yield has been observed (Barber et al. 2002; Miller et al. 2002; Porterfield et al. 
2002b; Robinson et al. 2003; Schraer et al. 2002). 
    Another ALS inhibitor, pyrithiobac, is similar to trifloxysulfuron in that it also has both foliar 
and soil activity and controls many broadleaf weeds and offers suppression of several grasses 
(Anonymous 2005b).  However, a lack of acceptable prickly sida (Sida spinosa L.) control has 
been observed with trifloxysulfuron when compared to pyrithiobac (Branson et al. 2005).  Also, 
pyrithiobac applied alone or in combination with glyphosate has provided season-long control of 
palmer amaranth and devil’s-claw [Proboscidea louisianica (P. Mill.) Thellung] in currently 
available GR cotton (Everitt et al. 2003).  In some instances pyrithiobac applied POT in cotton 
during cool weather, wet soil conditions, or both, has resulted in yellowing and stunting, but no 
reduction in seed cotton yield was observed (Jennings et al. 1999; Corken et al. 2003).      
     Herbicides with residual weed control activity have the potential to improve overall weed 
control and crop yield and reduce the number of total herbicide applications when applied with 
glyphosate in GR cotton.  Also, the addition of glyphosate to trifloxysulfuron and pyrithiobac has 
potential to increase late season grass control; trifloxysulfuron and pyrithiobac have both been 
proven antagonistic in combination with certain graminicides (Burke et al. 2002; Grichar et al. 
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2003).  With the identification of glyphosate-resistant weeds it is recommended that weed 
control programs contain herbicides with different modes of action to control resistant weeds and 
to help avoid the selection of herbicide resistant weeds (Mueller et al. 2005).  With the 
introduction of new GR cotton technology, more glyphosate will probably be used and more 
emphasis will be placed on means to prevent or delay development of glyphosate-resistant 
weeds.  Therefore, the objective of this study is to evaluate the usefulness of s-metolachlor, 
trifloxysulfuron, and pyrithiobac when co-applied with glyphosate in respect to optimum timing 
and judicious use in second generation GR cotton weed control programs. 
Materials and Methods 
     A study was conducted in 2004 and 2005 at the Dean Lee Research Station near Alexandria, 
LA and at the Northeast Research Station near St. Joseph, LA, and also in 2005 at the West 
Tennessee Research and Education Center near Jackson, TN.  Soil at Alexandria was a Norwood 
silt loam (fine-silty, mixed, superactive, hyperthermic Fluventic Eutrudepts) with a pH of 7.6 and 
1.3% organic matter.  Soil at St. Joseph was a Commerce silt loam (fine-silty, mixed, 
superactive, nonacid, thermic Fluvaquentic Endoaquepts) with a pH of 6.5 and 1.0% organic 
matter.  Soil at Jackson was a Memphis silt loam (fine-silty, mixed, active, thermic Typic 
Hapludalfs) with a pH of 6.7 and 1.7% organic matter.  A Roundup Ready Flex® variety was 
planted on May 5 and May 17 at Alexandria and May 28 and May 13 at St. Joseph for each 
respective year and on May 3, 2005 at Jackson.  Experimental design at all locations was a 
randomized complete block with three or four replications. Plots consisted of two 97-cm rows 
9.1 m to 12.2 m in length depending on location.   
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     Treatments consisted of a factorial arrangement of residual herbicides glyphosate + s-
metolachlor1 at 1766 g ai/ha, trifloxysulfuron2 at 5.3 g ai/ha, and pyrithiobac3 at 72 g ai/ha and 
POST application timings (2, 6, or 10 cotton leaf stage).  All residual herbicides were co-applied 
with glyphosate4 at 1060 g ai/ha except glyphosate + s-metolachlor in which the formulation 
already contains glyphosate.  Also, additional applications of glyphosate applied at 1060 g ai/ha 
at 2, 6, or 10 lf were made to each treatment as follows:  (1) when residual was applied at 2 lf, 
glyphosate alone was applied at 10 lf; (2) when residual was applied at 6 lf, glyphosate alone was 
initially applied at 2 lf; (3) when residual was applied at 10 lf, glyphosate alone was initially 
applied at 2 lf.  A standard treatment of glyphosate applied alone at all three timings and a non-
treated control was also included.  Treatments were applied at Alexandria in 2004 and 2005 
using a tractor mounted compressed air sprayer delivering 140 L/ha.  Treatments were applied at 
St. Joseph in 2004 and 2005 with a CO2 backpack sprayer delivering 140 L/ha.  In 2005 at the 
Jackson location, treatments were applied with a CO2 backpack sprayer delivering 93 L/ha.  
Weeds evaluated at Alexandria in 2004 consisted of pitted morningglory, smellmellon (Cucumis 
melo L.), barnyardgrass [Echinochloa crus-galli (L.) Beauv.], and browntop millet [Urochloa 
ramosa (L.) Nguyen].  In 2005 at Alexandria, those same weeds plus johnsongrass [Sorghum 
halepense (L.) Pers.], palmer amaranth, and hophornbeam copperleaf (Acalypha ostriyifolia 
Riddell) were evaluated.  At St. Joseph for consecutive years, pitted morningglory, hemp 
sesbania [Sesbania herbacea (P. Mill.) McVaugh], redroot pigweed (Amaranthus retroflexus L.), 
sicklepod, johnsongrass, goosegrass [Eleusine indica (L.) Gaertn], and barnyardgrass were 
                                                 
1 Sequence® Herbicide, Syngenta Crop Protection, Inc., P. O. Box 18300, Greensboro, NC, 27419. 
2 Envoke® Herbicide, Syngenta Crop Protection, Inc., P. O. Box 18300, Greensboro, NC, 27419. 
3 Staple® Herbicide, E. I. du Pont de Nemours and Company, Laurel Run Bldg., Wilmington, DE, 19898. 
4
 Roundup Weathermax® Herbicide, Monsanto Company, 800 North Lindbergh Boulevard, St. Louis, MO, 63167. 
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evaluated, while at Jackson, weeds evaluated consisted of pitted morningglory and palmer 
amaranth. 
     Parameters measured included visual weed control ratings, based on a scale of 0 to 100 % 
with 0= no control and 100= plant death, 14, 28, and 56 days after the last POST application.  
Yield was not determined at Alexandria in 2004.  Data obtained from the last rating interval (56 
d) were subjected to analysis of variance to test differences among treatments and analyzed using 
SAS PROC MIXED procedure and locations and years designated as random effects in the 
model (SAS 2003).  Means were separated using Tukey’s  method at the 0.05 level of 
significance.  The 56 d rating interval was used for analysis best represented total season weed 
control achieved from each respective treatment.  The glyphosate standard treatment and the 
non-treated control were used for yield calculation comparison and a visual comparison for weed 
control, respectively, and were not included in any data analysis. 
Results and Discussion 
     Statistical analysis of data allowed for pooling across locations and years for all weeds.  A 
significant residual herbicide X timing treatment interaction was observed for hophornbeam 
copperleaf and redroot pigweed control only.  Averaged across residual herbicide application 
timings, no differences in weed control between residual herbicide was observed for palmer 
amaranth, sicklepod, smellmelon, goosegrass, hemp sesbania, or johnsongrass, with resulting 
control for each respective weed averaging 92%, 88%, 91%, 95%, 94%, and 91% (Table 4).  For 
pitted morningglory, control among residual herbicides ranged from 90 to 93% with only slight 
differences noted.  A residual herbicide control pattern was observed for control of barnyardgrass 
and browntop millet revealing optimum control with glyphosate + s-metolachlor at 88%  for 
barnyardgrass and 85% for browntop millet, which was higher than control from pyrithiobac at 
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Table 4.  Weed control from residual herbicide and POST application timing in second generation glyphosate-resistant cottonabc. 
__________________________________________________________________________________________________________________________________________________________________ 
Treatmentd   AMAPA  CASOB  CUMMD  ECHCG   ELEIN  
_________________________________________________________________________________________________________________________________________________________________ 
                                                                        __________________________________________________________%_________________________________________________________________ 
Residual 
 
 s-metolachlor  92 a   85 a   92 a   88 a   94 a  
 pyrithiobac  92 a   91 a   91 a   82 b   95 a  
 trifloxysulfuron 92 a   86 a   90 a   81 b   95 a 
 
Timinge 
 
 2 lf   94 a   93 a   91 a   86 a   95 a  
 6 lf   88 b   80 b   89 a   78 b   94 a 
 10 lf   94 a   89 a   92 a   87 a   95 a 
 
_________________________________________________________________________________________________________________________________________________________________ 
aMeans represent visual weed control ratings at 56 days after the last post application was made and are pooled across locations and 
years (Alexandria, LA 2004: IPOLA, CUMMD, ECHCG, PANRA; Alexandria, LA 2005: IPOLA, CUMMD, ECHCG, PANRA, 
SORHA, AMAPA, ACCOS; St. Joseph, LA 2004 & 2005: IPOLA, SEBEX, AMARE, CASOB, SORHA, ELEIN, ECHCG; Jackson, 
TN 2005: IPOLA, AMAPA) and separated using Tukey’s method at 0.05 level of significance.  Means followed by same letter do not 
differ significantly. 
bAbbreviations: AMAPA= palmer amaranth; CASOB= sicklepod; CUMMD= smellmelon; ECHCG= barnyardgrass; ELEIN= 
goosegrass; IPOLA= pitted morningglory; PANRA= browntop millet; SEBEX= hemp sesbania; SORHA= johnsongrass. 
cData are pooled over two experiments for AMAPA, CASOB, CUMMD, ELEIN, PANRA, SEBEX, three experiments for SORHA, 
four experiments for ECHCG, and five experiments for IPOLA. 
dHerbicides s-metolachor (+ glyphosate) applied at 1766 g ai/ha, trifloxysulfuron at 5.3 g ai/ha, and pyrithiobac at 72 g ai/ha.  All 
residual herbicides applied in combination with glyphosate at 1060 g/ha.  Applications of residual herbicides at [1] 2 lf followed by 
(fb) glyphosate at 1060 g/ha at 10 lf [2] 6 lf following glyphosate at 1060 g/ha at 2 lf [3] 10 lf following glyphosate at 1060 g/ha at 2lf. 
eTimings represent cotton leaf stage.   
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Table 4. continued 
__________________________________________________________________________________________________________________________________________________________________ 
Treatment    IPOLA  PANRA  SEBEX  SORHA 
__________________________________________________________________________________________________________________________________________________________________ 
                                                            
____________________________________________%_____________________________________________ 
Residual 
 
 s-metolachlor   90 b   85 a   92 a   92 a 
 pyrithiobac   93 a   73 b   94 a   91 a 
 trifloxysulfuron  92 ab   71 b   95 a   90 a   
 
Timing 
 
 2 lf    92 a   80 a   94 a   92 a 
 6 lf    91 a   66 b   94 a   90 a 
 10 lf    92 a   83 a   93 a   91 a 
 
__________________________________________________________________________________________________________________________________________________________________ 
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82 and 73% and trifloxysulfuron at 81 and 71% for each respective weed.  Similar results have 
been seen for broadleaf signalgrass [Brachiaria platyphylla (Nash) R. D. Webster] control where 
applications containing metolachlor have exihibited increased control when compared to other 
herbicide options (Mueller and Hayes 1997).  Averaged across residual herbicides, no 
differences were observed among residual herbicide application timings for control of 
smellmellon, goosegrass, pitted morningglory, hemp sesbania, and johnsongrass, and control 
averaged 91%, 95%, 92%, 94%, and 91% for each respective weed (Table 4).  A distinct residual 
herbicide application timing response was observed for control of palmer amaranth, sicklepod, 
barnyardgrass, and browntop millet with the timings of 2 and 10 lf being optimum in comparison 
to the 6 lf stage.  Control at these two optimum timings was 95 and 94% for palmer amaranth, 93 
and 89% for sicklepod, 86 and 87% for barnyardgrass, and 80 and 83% for browntop millet, 
respectively.  Control at the 6 lf stage was significantly lower resulting in 88% for palmer 
amaranth,  80% for sicklepod, 78% for barnyardgrass, and 66% for browntop millet.  The 6 lf 
residual herbicide application timing followed an earlier 2 lf timing and was the only POST 
timing program that did not include a later 10 lf herbicide application, therefore, reduced control 
late season may be due to late emerging weeds (Ogg and Dawson 1984).   
     A significant residual herbicide X timing treatment interaction was observed for control of 
hophornbeam copperleaf and redroot pigweed.  When comparing residual herbicides applied 
with glyphosate at each respective application timing (2, 6, or 10 lf), the only difference noted 
was at the 2 lf stage where glyphosate + s-metolachlor controlled hophornbeam copperleaf at 
98% compared to pyrithiobac and trifloxysulfuron both at 91% (Table 5).  Control at the 6 and 
10 lf timings for all residual herbicides was similar and ranged from 92 to 96% and 91 to 93% 
for each respective timing.  Redroot pigweed control at the 2 and 10 lf timings was identical and 
 38 
Table 5.  Effect of residual herbicide selection and application timing on control of hophornbeam copperleaf and redroot pigweed in 
second generation glyphosate-resistant cottonabc. 
__________________________________________________________________________________________________________________________________________________________________ 
             ACCOS              AMARE 
                                                                         _________________________________________________________________________________________________________________ 
                
Treatmentsd   2 lf  6lf  10 lf    2 lf  6 lf  10 lf 
__________________________________________________________________________________________________________________________________________________________________ 
                                                                        _______________________________________________________%________________________________________________________ 
 
s-metolachlor   98 a  95 ab  92 ab    95 a  91 b  95 a 
pyrithiobac   91 b  96 ab  91 b    95 a  95 a  95 a 
trifloxysulfuron  91 b  92 ab  93 ab    95 a  94 ab  95 a 
 
__________________________________________________________________________________________________________________________________________________________________ 
a Means represent visual weed control ratings at 56 days after the last post application.  Means separated using Tukey’s method at 0.05 
level of significance.  Means followed by same letter do not differ significantly. 
b Abbreviations:  ACCOS= hophornbeam copperleaf; AMARE= redroot pigweed.  
c ACCOS evaluated over one experiment and AMARE evaluated over two experiments.   
d Herbicides s-metolachor (+ glyphosate) applied at 1766 g ai/ha, trifloxysulfuron at 5.3 g ai/ha, and pyrithiobac at 72 g ai/ha.  All 
residual herbicides applied in combination with glyphosate at 1060 g/ha.  Applications of residual herbicides at [1] 2 lf followed by 
(fb) glyphosate at 1060 g/ha at 10 lf [2] 6 lf following glyphosate at 1060 g/ha at 2 lf [3] 10 lf following glyphosate at 1060 g/ha at 2lf. 
Timings of 2, 6, or 10 lf represent cotton leaf stage.   
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resulted in control of 95% from all herbicides evaluated.  At the 6 lf timing, pyrithiobac resulted 
in redroot pigweed control of 95% which was better than glyphosate + s-metolachlor (91%), and 
equal to  trifloxysulfuron (94%).   
     Statistical analysis of data allowed for pooling of yield across locations and years.  A 
significant residual herbicide X timing treatment interaction was not observed for yield.  With 
respect to residual herbicides, averaged across residual herbicide application timing, there were 
no differences observed and resulting cotton yield averaged 2800 kg/ha (Table 6).  For residual 
herbicide application timings, averaged across residual herbicides, yield was maximized when 
residual herbicide was applied at the 2 and 10 lf stage (2960 to 2730 kg/ha).  The failure to 
maximize yield when residual herbicide was applied at 6 lf may be reflective of late-season weed 
competition from weeds emerging after the 6 lf application.  Season-long control for palmer 
amaranth, sicklepod, barnyardgrass, and browntop millet was reduced when residual herbicides 
were not applied after 6 lf (Table 4).  Seedcotton yield was also expressed as a percent of yield 
realized by each treatment based on yield for the standard glyphosate only program consisting of 
sequential applications at 2, 6, and 10 lf stages.  Averaged across application timing, no 
differences were observed among residual herbicides with all resulting in cotton yield of 95 to 
102% of the standard glyphosate alone program (Table 6).  Averaged across residual herbicides, 
application at the 2 lf stage resulted in a yield of 103% of the standard glyphosate only program, 
which was equal to the 98% for the 6 lf timing and greater than the 93% for the 10 lf timing. 
     Data from this research suggests herbicides s-metolachlor, pyrithiobac, and trifloxysulfuron 
provide similar season-long control of most weeds evaluated.  S-metolachlor can be beneficial 
for season-long control of barnyardgrass and browntop millet.  Similar yield response can be 
expected among herbicides evaluated in combination with glyphosate in a second generation GR  
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Table 6.  Cotton yield collected from selection of residual herbicide and application timings presented alone or as a percent of a 
standard treatment of glyphosatea.   
_________________________________________________________________________________________________________________________________________________________________ 
                                
                          
Treatmentsd                                                                                                         YIELD 
__________________________________________________________________________________________________________________________________________________________________ 
                                                                                                             
         
Residual                                                                                  kg/hab                                                    %c 
 
 s-metolachlor      2850 a     102 a    
 pyrithiobac      2750 a       98 a 
 trifloxysulfuron     2760 a       95 a 
 
Timing 
 
 2 lf       2960 a     103 a 
 6 lf       2660 b       98 ab 
 10 lf       2730 ab      93 b 
 
__________________________________________________________________________________________________________________________________________________________________ 
aMeans represent yield pooled across locations and years (Alexandria, LA 2005; St. Joseph, LA 2004 & 2005; Jackson, TN 2005) and 
separated using Tukey’s method at 0.05 level of significance.  Means followed by same letter do not differ significantly. 
bRepresents seed/cotton yield. 
cRepresents yield expressed as percent of standard glyphosate treatment (2, 6, and 10 lf). 
d Herbicides s-metolachor (+ glyphosate) applied at 1766 g ai/ha, trifloxysulfuron at 5.3 g ai/ha, and pyrithiobac at 72 g ai/ha.  All 
residual herbicides applied in combination with glyphosate at 1060 g/ha.  Applications of residual herbicides at [1] 2 lf followed by 
(fb) glyphosate at 1060 g/ha at 10 lf [2] 6 lf following glyphosate at 1060 g/ha at 2 lf [3] 10 lf following glyphosate at 1060 g/ha at 2lf. 
Timings of 2, 6, or 10 lf represent cotton leaf stage.   
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cotton weed control program.  For most weeds evaluated, residual herbicide timing had little or 
no affect on control observed.  For palmer amaranth, sicklepod, barnyardgrass, and browntop 
millet, season-long control was optimized with residual herbicide applied at the 2 or 10 lf growth 
stages.  Analysis based on numerical yield of individual residual herbicide application timings 
and calculated yield for each timing based on percent of a standard three application glyphosate 
program, indicated the most consistent timing for optimizing yield in a reduced input Roundup 
Ready Flex® weed control program occurred at the two leaf growth stage.  
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CHAPTER 5 
 
SUMMARY 
 
     Research trials were conducted over two years to evaluate weed control strategies in second 
generation glyphosate-resistant (GR) cotton (Gossypium hirsutum L.).  In 2004 a pot study was 
initiated and repeated to evaluate co-application effects on glyphosate efficacy on selected weed 
species.  Treatments included glyphosate applied alone at the standard rate or in combination 
with acephate, acetamiprid, bifenthrin, cyfluthrin, cypermethrin, dicrotophos, dimethoate, 
emanectin benzoate, imidacloprid, indoxacarb, lambda-cyhalothrin, methoxyfenozide, spinosad, 
thiamethoxam, zeta-cypermethrin, mepiquat pentaborate, sodium calcium borate, and a foliar 
nitrogen fertilizer.  Data resulted in similar control of barnyardgrass [Echinochloa crus-galli (L.) 
Beauv.] (96-97%), johnsongrass [Sorghum halepense (L.) Pers.] (98%), hemp sesbania 
[Sesbania herbacea (P. Mill.) McVaugh] (66-73%), pitted morningglory (Ipomoea lacunosa L.) 
(67-72%), and sicklepod [Senna obtusifolia (L.) H. S. Irwin & Barneby] (86-91%), regardless of 
glyphosate co-application.  Application timings at 3 to 4 lf or 7 to 8 lf weed stages were also 
evaluated and results indicate there were no differences in control of weed species evaluated 
among timings.  Additionally, fresh weight reduction data resulted in similar findings between 
treatments of glyphosate alone and co-applications with percent reduction for each respective 
weed averaging 100%, 100%, 93%, 91%, and 96%. 
     Field studies were also conducted in 2004 and 2005 at several locations to evaluate the 
effectiveness of a pre-emergence (PRE) herbicide and to determine optimum postemergence 
(POST) application timing of glyphosate in second generation GR cotton.  Four glyphosate 
POST programs were applied alone or in combination with fluometuron PRE to determine end of 
season weed control and yield results. Data suggest addition of fluometuron PRE proved to be 
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slightly beneficial for control of palmer amaranth, sicklepod, common lambsquarters, 
smellmelon, jimsonweed, large crabgrass, goosegrass, and pitted morningglory.  However, the 
addition of fluometuron PRE was not beneficial for control of hophornbeam copperleaf, redroot 
pigweed, barnyardgrass, browntop millet, hemp sesbania, and johnsongrass.  Excellent season-
long control of palmer amaranth, redroot pigweed, smellmelon, large crabgrass, pitted 
morningglory, and johnsongrass was achieved with glyphosate POST programs and only slight 
differences were observed between glyphosate timings.  Barnyardgrass and browntop millet 
control were compromised with the POST glyphosate program of 3 fb 7 lf postemergence over-
the-top (POT) and resulted in decreased control of 68 and 47%, respectively, which was 
significantly less than all other glyphosate POST programs.  All glyphosate POST  programs 
provided excellent control of hophornbeam copperleaf, sicklepod, common lambsquarters, 
jimsonweed, goosegrass, and hemp sesbania.  Control of smooth pigweed was increased 
following applications of fluometuron PRE for the two delayed POST glyphosate programs (7 lf 
POT fb 14 lf PD and 7 fb 14 lf POT).  In order to maximize late season control of smooth 
pigweed, early season control using fluometuron PRE or glyphosate applied at the 3 lf stage was 
necessary.  Control of Texas panicum benefited from the addition of fluometuron PRE when 
applied in conjunction with POT glyphosate programs of 3 fb 7 lf POT and 7 lf POT fb 14 lf PD.  
Except for the glyphosate POT program of 3 fb 7 lf POT applied alone, all glyphosate POT 
programs resulted in at least 91% control of Texas panicum.   Cotton yield data indicated a 
significant increase in yield of 41 and 52% with the addition of fluometuron PRE to glyphosate 
POT programs consisting of 7 lf POT fb 14 lf PD and 7 lf fb 14 lf POT, respectively.  Yield for 
other glyphosate POT programs did not benefit from PRE application. In the absence of 
 44 
fluometuron PRE, yield was maximized as long as glyphosate POT programs included an early 
three-leaf application. 
     In an additional study, residual POST herbicides s-metolachor, trifloxysulfuron, and 
pyrithiobac in combination with glyphosate and timings of these applications were evaluated as 
reduced input herbicidal programs in second generation GR cotton.  Data indicated no 
differences in weed control between residual herbicide used for control of palmer amaranth, 
sicklepod, smellmelon, goosegrass, hemp sesbania, or johnsongrass.  Maximum control of 
barnyardgrass and browntop millet was achieved with application of glyphosate + s-metolachor.  
No differences were observed between residual herbicide application timings of 2, 6, or 10 lf for 
control of smellmellon, goosegrass, pitted morningglory, hemp sesbania, and johnsongrass.  For 
control of palmer amaranth, sicklepod, barnyardgrass, and browntop millet, control was 
maximized with the timings of 2 and 10 lf and may be a result of an absence of a later 10 lf 
herbicide application following the 6 lf application.  Greater control of hophornbeam copperleaf 
was observed following treatment of glyphosate + s-metolachlor with little difference in 
application timings.  Also for redroot pigweed control, only minimal differences were observed 
between both residual herbicides and application timings.  Based on yield data, no differences 
were observed between residual herbicides.  The residual herbicide timing that provided the most 
consistent yield was at the 2 lf stage of cotton growth. 
     In conclusion, glyphosate co-applied with commonly used cotton insecticides, plant growth 
regulator, and foliar fertilizers will not negatively affect control of barnyardgrass, johnsongrass, 
hemp sesbania, pitted morningglory, or sicklepod regardless of weed growth stage.  Growers will 
have potential to integrate pest and crop management techniques in an effort to minimize and 
reduce input costs without sacrificing glyphosate efficacy.  With respect to weed control in 
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second generation GR cotton, timely applications of glyphosate will become high priority as 
growers adjust to this new system.  If timely glyphosate applications can not be made either early 
or late-season, then use of a PRE herbicide could be beneficial.  Residual herbicides applied 
POST in combination with glyphosate will have potential to become a major tool in weed 
management systems.  There are no major differences in weed control expressed from s-
metholachor, trifloxysulfuron, and pyrithiobac, and if growers choose to apply these herbicides, 
this research suggests these herbicides be applied early in the season to obtain maximum yield.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 46 
LITERATURE CITED 
 
Anderson, W. P. 1983. Methods of Weed Control. In. W. P. Anderson, ed. Weed Science: 
Principles, 2nd edition. New York: West Publishing Company. Pp. 65-122. 
 
Anonymous. 2004a. CPR: Crop Protection Reference.  2004.  Crop and other site use index.  C 
& P Press, Inc.  New York, N.Y.  pp. F21-F77. 
 
Anonymous. 2004b.  Specimen label for Roundup Weathermax herbicide.  Monsanto Co., St. 
Louis, MO, 63167.  EPA reg. num. 524-537. 
 
Anonymous. 2004c. Speciment label for Dual II Magnum herbicide. Syngenta Crop Protection, 
Inc., Greensboro, NC, 27409. EPA reg. num. 100-818. 
 
Anonymous.  2005a.  Specimen label for Envoke herbicide.  Syngenta Crop Protection, Inc. 
Greensboro, NC, 27409.  EPA reg. num. 100-1132. 
 
Anonymous.  2005b.  Specimen label for Staple herbicide.  Dupont Ag. Products. Wilmington, 
DL, 19898. EPA reg. num. 352-576. 
 
Ashton, F. M. and A. S. Crafts. 1981. Glyphosate. Pp. 236-253. In F. M. Ashton and A. S. Crafts 
(ed.) Mode of Action of Herbicides.  John Wiley and Sons, Inc., New York, Chichester, 
Brisbane, Toronto, Singapore. 
 
Askew, S. D., W. A. Bailey, G. H. Scott, and J. W. Wilcut.  2002.  Economic assessment of 
weed management for transgenic and nontransgenic cotton in tilled and notilled systems.  Weed 
Sci.  50:512-520. 
 
Baerson, S. R., D. J. Rodriguez, N. A. Biest, M. Tran, J. You, R. W. Kreuger, G. M. Dill, J. E. 
Pratley, and K. J. Gruys. 2002. Investigating the mechanism of glyphosate resistance in rigid 
ryegrass (Lolium ridigum). Weed Sci. 50:721-730. 
 
Bagwell, R. D., B. R. Leonard, G. Burris, S. Stewart, J. Faircloth, S. Kelly, C. Pinnell-Alison, T. 
Erwin, M. Farris, and S. Micinski. 2003. Cotton insect control 2003. LCES Pub. 1083 5/2003 
Rev. 5p. 
 
Bailey, W. A., D. H. Poston, H. P. Wilson, and T. E. Hines.  2002.  Glyphosate Interactions with 
Manganese.  Weed Technol.  16:792-799. 
 
Barber, L. T., D. B. Reynolds, N. W. Buehring, J. C. Sanders, D. G. Wilson, and K. M. 
Bloodworth.  2002.  Evaluation of CGA-362,622 in Cotton Weed Control Programs.  Proc. 
Beltwide Cotton Conf. 2002:9. 
 
Batts, R. B., A. C. York, and F. H. Yelverton.  1998.  Potential for cotoran carryover to flue-
cured tobacco.  Proc. Beltwide Cotton Conf.  2:873. 
 47 
 
Branson, J. W., K. L. Smith, and J. L. Barrentine. 2005. Comparison of Trifloxysulfuron and 
Pyrithiobac in Glyphosate-Resistant and Bromoxynil-Resistant Cotton. Weed Technol. 19:404-
410. 
 
Brecke, B. J. and D. L. Colvin.  1997.  Weed management in glyphosate-tolerant crops.  Proc. 
South. Weed Sci. Soc. 50:1. 
 
Bryson, C. T., C. Salisbury, and W. B. McCloskey. 1999. Weeds and Their Control. In. W. C. 
Smith and J. T. Cothren, eds. Cotton: Origin, History, Technology, and Production. New York: 
John Wiley & Sons, Inc. Pp. 617-658. 
 
Buchanan, G. A., R. H. Crowley, J. E. Street, and J. A. Mcguire.  1980.  Competition of 
Sicklepod (Cassia obtusifolia) and Redroot Pigweed (Amaranthus retroflexus) in Cotton 
(Gossypium hirsutum).  Weed Sci.  28:258-262. 
 
Buchanan, G. A.  1992a.  Trends in weed control methods.  In Weeds of Cotton: 
Characterization and Control.  The Cotton Foundation.  Memphis, TN.  Pp. 47-72. 
 
Buchanan, G. A.  1992b.  Trends in weed control methods.  In Weeds of Cotton: 
Characterization and Control.  The Cotton Foundation.  Memphis, TN.  Pp. 67-68. 
 
Burke, I. C., J. W. Wilcut, and D. Porterfield. 2002. CGA-362622 Antagonizes Annual Grass 
Control with Clethodim. Weed Technol. 16:749-754. 
 
Burke, I. C., and J. W. Wilcut. 2004. Weed Management in Cotton with CGA-362622, 
Fluometuron, and Pyrithiobac. Weed Technol. 18:268-276. 
 
Burke, I. C., S. C. Troxler, S. D. Askew, J. W. Wilcut, and W. D. Smith. 2005. Weed 
Management Systems in Glyphosate-Resistant Cotton. Weed Technol. 19:422-429. 
 
Byrd, J. R., J. D. and A. C. York.  1988.  Interactions of Carbaryl and Dimethoate with 
Sethoxydim.  Weed Technol.  2:433-436. 
 
Chen, Y. S., C. Hubmeier, M. Tran, A. Martens, and R. E. Cerny. 2003. Glyphosate-Resistant 
EPSPS expression in microspores and tapetum cells provides reproductive tolerance in Roundup 
Ready Flex cotton. Proc. Beltwide Cotton Conf. 2003:2243. 
 
Christidis, B. G. and G. J. Harrison. 1955. Tillage, Weed Control, Thinning, Topping, 
Defloration, and Defoliation. In. B. G. Christidis and G. J. Harrison, eds. Cotton Growing 
Problems. New York: McGraw-Hill Book Company, Inc. Pp. 435-462. 
 
Clewis, S. B. and J. W. Wilcut.  2003.  Weed management with Dual Magnum and Glyphosate 
combinations in cotton. Proc. Beltwide Cotton Conf. 2003:2277. 
 
 48 
Corken, C. B., D. B. Reynolds, J. L. Griffin, D. L. Jordan, D. K. Miller, and P. R. Vidrine. 2003. 
Cotton sensitivity to pyrithiobac applied under two irrigation regimes. J. Cotton Sci. 7:236-241. 
 
Costello, R. W., J. L. Griffin, B. R. Leonard, D. K. Miller, and E. M. Holman.  2005.  
Pryithiobac and Insecticide Co-application Effects on Cotton Tolerance and Broadleaf Weed and 
Thrips (Frankliniella spp.) Control.  Weed Technol. 19:430-436. 
 
Croon, K. A., R. Ihrig, C. B. Coots, D. Pitts, D. Haines, L. Hawf, C. Corkern, A. Mills, R. 
Montgomery, L. Ganann, D. Jost, and S. Murdock. 2003. Weed Management in Roundup Ready 
Flex Cotton. Proc. Beltwide Cotton Conf. 2003:2246.  
 
Croon, K. A., R. A. Ihrig, and J. W. Mullins. 2005. Roundup Ready Flex Cotton Technology. 
Proc. Beltwide Cotton Conf. 2005:69. 
 
Culpepper, A. S., and A. C. York.  1998.  Weed management in glyphosate-tolerant cotton.  J. 
Cotton Sci. 2:174-185. 
 
Culpepper, A. S., and A. C. York.  1999.  Weed management and Net Returns with Transgenic, 
Herbicide-Resistant, and Nontrangenic Cotton (Gossypium hirsutum).  Weed Technol.  13:411-
420. 
 
Culpepper, A. S., A. C. York, R. B. Batts, and K. M. Jennings. 2000. Weed management in 
glufosinate- and glyphosate-resistant soybean (Glycine max). Weed Technol. 14:77-88. 
 
Ducker, H. C. and S. T. Hoyle. 1948. Some Studies on Cultivation Practices, Food Crops, and 
the Maintenance of Fertility at the Cotton Station Nyasaland. Empire Cotton Growing Rev. 25: 
112-122. 
 
Edmisten, K. L., A. C. York, F. H. Yelverton, J. F. Spears, D. T. Bowman, J. S. Bacheler, S. R. 
Koenning, C. R. Crozier, A. B. Brown, and A. S. Culpepper. 2005. North Carolina Cotton 
Production Guide:  Webpage:  http://ipm.ncsu.edu/Production_Guides/Cotton/contents.html. 
Accessed:  March 8, 2005. 
 
Everitt, J. D., J. W. Keeling, L. L. Lyon, and P. A. Dortray.  2003.  Palmer Amaranth 
(Amaranthus palmeri) and Devil’s-Claw (Proboscidea louisianica) control with 
Staple/Glyphosate combinations in Roundup Ready Cotton.  Proc. Beltwide Cotton Conf. 
2003:2262. 
 
Faircloth, W. H., M. G. Patterson, C. D. Monks, and W. R. Goodman.  2001.  Weed management 
programs for glyphosate-tolerant cotton (Gossypium hirsutum).  Weed Technol.  15:544-551. 
 
Franz, J. E., M. K. Mao, and J. A. Sikorski.  1997.  Glyphosate:  A Unique Global Herbicide.  
ACS Monograph 189.  Washington, D.C.:  American Chemical Society.  Pp.  6-16. 
 
 49 
Grichar, W. J., B. A. Besler, K. D. Brewer, and R. G. Lemon. 2003. Interaction of Pyrithiobac 
and Graminicides for Weed Control in Cotton (Gossypium hirsutum). Weed Technol. 17:461-
466. 
 
Hagedorn, C.  2004.  Transgenic Cotton.  Virginia Cooperative Extentsion Service.  Available at 
http://filebox.vt.edu/cals/cses/chagedor/cotton.html.  Accessed March 3, 2004. 
 
Hartmann, H. T., A. M. Kofranek, V. E. Rubatzky, and W. J. Flocker.  1988.  Biological 
competitors of useful plants.  In J.L. Stone, ed.  Plant Science.  New Jersey: Prentice-Hall.  Pp. 
237-266. 
 
Jennings, K. M., J. M. Robbie, A. S. Culpepper, and A. C. York.  1997.  Weed management in 
Roundup Ready cotton.  Proc.  Beltwide Cotton Conf.  21:786. 
 
Jennings, K. M., A. S. Culpepper, and A. C. York. 1999. Cotton response to temperature and 
Pyrithiobac. J. Cotton Sci. 3:132-138. 
 
Johnson, E. M.  1996.  Roundup Ready gene in cotton.  Pp. 51.  In P. Dugger and D.A. Richter 
(ed.) Proc. Beltwide Cotton Conferences, Nashville, TN.  9-12 Jan. 1996.  Natl. Cotton Council 
Am., Memphis, TN. 
 
Jones, M. A., and C. E. Snipes.  1999.  Tolerance of transgenic cotton to topical applications of 
Glyphosate.  J. Cotton Sci. 3:19-26. 
 
Jordan, D. L., M. McClelland, A. Kendig, and R. Frans.  1997a.  Monosodium methanersenate 
influence on broadleaf weed control with selected post-emergence-directed cotton herbicides.  J. 
Cotton Sci.  1:72-75. 
 
Jordan, D. L., A. C. York, J. L. Griffin, P. A. Clay, P. R. Vidrine, and D. B. Reynolds.  1997b.  
Influence of application variables on efficacy of Glyphosate.  Weed Technol.  11:354-362. 
 
Kasasian, L. 1972. Weeds and Cotton. In. CIBA-GEIGY Agrochemicals: Cotton. Technical 
Monograph No. 3. Switzerland: CIBA-GEIGY Ltd. Pp. 64-68. 
 
Kelly, S.  2001.  Economic losses due to weeds- Louisiana. Proc. South. Weed Sci. Soc. 54:265. 
 
Keeling, J. W., P. A. Dotray, T. S. Osborne, and B. S. Asher.  1998.  Annual and perennial weed 
management strategies in Roundup Ready cotton with Roundup Ultra.  Proc. South. Weed Sci. 
Soc.  51:49. 
 
Keeling, J. W., T. A. Baughman, J. D. Everitt, L. L. Lyon, and P. A. Dotray.  2003.  Tolerance 
and weed management in Roundup Ready Flex Cotton.  Proc. Beltwide Cotton Conf.  
2003:2244. 
 
 
 50 
Kiely, T., D. Donaldson, and A. Grube. 2004. Pesticides industry sales and usage: 2000 and 2001 
market estimates. U. S. EPA. Office of Prevention, Pesticides, and Toxic Substances. Office of 
Pesticide Programs. Biological and Economic Analysis Division. 
www.epa.gov/oppbead1/pestsales/01pestsales/table_of_contents2001.html. Pp. 14-15. 
 
Koger, C. H., D. H. Poston, R. M. Hayes, and R. F. Montgomery. 2004. Glyphosate-Resistant 
Horseweed (Conyza canadensis) in Mississippi. Weed Technol. 18:820-825. 
 
Krausz, R., G. Kapusta, and J. L. Matthews. 1996. Control of annual weeds with glyphosate. 
Weed Technol. 10:957-962. 
 
Marra, M. C., and D. Phaneuf. 2005. Anticipated Benefits From Flex Cotton:  Results of a 
Beltwide Survey. Proc. Beltwide Cotton Conf. 2005:431. 
 
Martens, A., J. Hart, B. Sammons, E. Cerny, S. Huber, and M. Oppenhuizen.  2003. 2002 Results 
of Roundup Ready Flex Cotton Trials.  Proc. Beltwide Cotton Conf.  2003:2245. 
 
Mascarenhas, V. J. and J. L. Griffin.  1997.  Weed control interactions associated with Roundup 
and insecticide mixtures.  Proc. Beltwide Cotton Conf.  1997:799-800. 
 
Miller, D. K., P. R. Vidrine, S. T. Kelly, and D. R. Lee.  2002.  Weed Control and Cotton 
Tolerance with CGA 362,622.  Proc. Beltwide Cotton Conf.  2002:11. 
 
Miller, D. K., M. S. Mathews, and D. R. Lee. 2004. Weed Control Programs in Roundup Ready 
Flex Cotton. Proc. South. Weed Sci. Soc. 57:264. 
 
Miller, D. K., R. G. Downer, E. Burris, J. W. Wilcut, and D. R. Cook. 2005a. Trifloxysulfuron-
Insecticide Combination Effects on Broadleaf Weed and Thrips (Frankliniella spp.) Control in 
Cotton. Weed Technol. 19:762-767. 
 
Miller, D. K., R. G. Downer, E. Burris, B. R. Leonard, and B. J. Williams. 2005b. Control of 
Selected Broadleaf Weeds with Glufosinate as Influenced by Insecticide Co-application. Weed 
Technol. 19:719-723. 
 
Morgan, G. D., P. A. Bauman, and J. M. Chandler. 2001. Competitive impact of Palmer 
Amaranth (Amaranthus palmeri) on Cotton (Gossypium hirsutum) Development and Yield. 
Weed Technol. 15:408-412. 
 
Mueller, T. C., and R. M. Hayes. 1997. Effect of tillage and soil-applied herbicides on broadleaf 
signalgrass (Brachiaria platyphylla) control in corn (Zea mays). Weed Technol. 11:698-703. 
 
Mueller, T. C., D. R. Shaw, and W. W. Witt.  1999.  Relative dissipation of Acetochlor, 
Alachlor, Metolachlor, and SAN 582 from three surface soils.  Weed Technol. 13:341-346. 
 
Mueller, T. C., P. D. Mitchell, B. G. Young, and A. S. Culpepper. 2005. Proactive Versus 
Reactive Management of Glyphosate-Resistant or –Tolerant Weeds. Weed Technol. 19:924-933. 
 51 
 
Murdock, E. C., A. Keeton, and T. D. Isgett.  1996.  Weed control in Roundup Ready cotton.  
Proc. Beltwide Cotton Conf.  1996:1531. 
 
Ogg, A. G. and J. H. Dawson. 1984. Time of emergence of eight weed species.   Weed Sci. 
32:327-335. 
 
Pankey, J. H., J. L. Griffin, R. B. Leonard, D. K. Miller, R. G. Downer, and R. W. Costello. 
2004. Glyphosate-Insecticide Combination Effects on Weed and Insect Control in Cotton. Weed 
Technol. 18:698-703. 
 
Pline, W. A., A. J. Price, J. W. Wilcut, K. L. Edmisten, and R. Wells.  2001.  Absorption and 
translocation of glyphosate-resistant cotton as influenced by application method and growth 
stage.  Weed Sci.  49:460-467. 
 
Pline, W. A., K. L. Edmisten, J. W. Wilcut, R. Wells, and J. Thomas.  2003.  Glyphosate-induced 
reductions in pollen viability and seed set in glyphosate-resistant cotton and attempted 
remediation by gibberellic acid (GA3).  Weed Sci.  51:19-27. 
 
Porterfield, D., J. W. Wilcut, and S. D. Askew.  2002a.  Weed management with CGA-362,622, 
flumeturon, and prometryn in cotton.  Weed Sci.  50:642-647. 
 
Porterfield, D., J. W. Wilcut, S. B. Clewis, and K. L. Edmisten. 2002b. Weed-Free Yield 
Response of Seven Cotton (Gossypium hirsutum) Cultivars to CGA-362622 Postemergence. 
Weed Technol. 16:180-183. 
 
Richardson, R. J., H. P. Wilson, G. R. Armel, and T. E. Hines. 2004. Mixtures of Glyphosate 
with CGA 362622 for Weed Control in Glyphosate-Resistant Cotton (Gossypium hirsutum). 
Weed Technol. 18:16-22. 
 
Robinson, B. L., I. C. Burke, W. E. Thomas, S. B. Clewis, and J. W. Wilcut.  2003.  CGA 
362622, Cotoran, and Staple Systems for Weed Control in Cotton.  Proc. Beltwide Cotton Conf.  
2003:28. 
 
Sankula, S. and E. Blumenthal.  2004.  Impacts on US agriculture of biotechnology- derived 
crops planted in 2003- an update of eleven case studies.  National Center for Food and 
Agricultural Policy. Washington D. C.  
P35.Webpage:http://www.monsantoafrica.com/content/resources/scientific/04/10-04b.pdf. 
 Accessed: January 18, 2004. 
 
[SAS] Statistical Analysis Systems. 2003. SAS/STAT User’s Guide. Release 9.1. Cary, NC:  
Statistical Analysis Systems Institute. 
 
Schraer, S.M., G.L. Cloud, B.W. Minton, C.D. Porterfield, S.H. Martin, J.E. Driver, J. Lunsford, 
D.L. Black, and M. Johnson.  2002.  Cotton Response to CGA 362622: Rates, Timings, and 
Tank-Mixtures.  Proc. Beltwide Cotton Conf.  2002:13. 
 52 
 
Shaw, D. R., and J. C. Arnold.  2002.  Weed control from herbicide combination with 
glyphosate.  Weed Technol. 16:1-6. 
 
Somerville, C. R.  1993.  The Biochemical Basis for plant improvement.  In Dennis and Turpin.  
Eds.  Plant Physiology, Biochemistry and Molecular Biology.  London: Longman.  PP. 490-501. 
 
Stewart, A. M.  Personal Communication.  February 17, 2004. 
 
Stewart, A. M. Personal Communication. December 16, 2005. 
 
Supak, J. R., C. G. Anderson, and W. D. Mayfield. 1992. Weeds of Cotton: Characterization and 
Control. In. C. G. McWhorter and J. R. Abernathy, eds. Trends in cotton production: history, 
culture, mechanization and economics. The Cotton Foundation, Memphis, TN, Pp. 9-45. 
 
Timmons, F. L. 1970.  A history of weed control in the United States and Canada.  Weed Sci. 18: 
294-303. 
 
Tingle, C. H., G. L. Steele, and J. M. Chandler. 2003. Competition and control of smellmelon 
(Cucumis melo var. dudaim Naud.) in cotton. Weed Sci. 51:586-591. 
 
Toler, J. E., E. C. Murdock, and A. Keeton.  2002.  Weed management systems for cotton 
(Gossypium hirsutum) with reduced tillage.  Weed Technol. 16:773-780. 
 
Viator, R. P., P. H. Jost, S. A. Senseman, and J. T. Cothren.  2004.  Effect of glyphosate 
application timings and methods on glyphosaste resistant cotton.  Weed Sci. 52:147-151. 
 
Webster, E. P., K. S. Bryant and L. D. Earnest. 1999. Weed control and economics in non-
transgenic and glyphosate-resistant soybean (Glycine max). Weed Technol. 13:586-593. 
 
Webster, E. P.  2001.  Weed Survey- Southern States- Louisiana.  Proc. South. Weed Sci. Soc. 
54:246. 
 
Wilcut, J. W., H. D. Coble, A. C. York, and D. W. Monks.  1996.  The niche for herbicide-
resistant crops in U.S. agriculture.  Pp. 213-230.  In S.O. Duke (ed.) Herbicide-resistant crops:  
Agricultural, environmental, economic, regulatory, and technical aspects.  CRC Press, Boca 
Raton, FL. 
 
Wood, M. L., D. S. Murray, J. C. Banks, L. M. Verhalen, R. B. Westerman, and K. B. Anderson. 
2002. Johnsongrass (Sorghum halepense) Density Effects on Cotton (Gossypium hirsutum) 
Harvest and Economic Value. Weed Technol. 16:495-501. 
 
York, A. C.  1993.  Peanut response to fluometuron applied to a preceding cotton crop.  Peanut 
Sci. 20:111-114. 
 
 
 53 
APPENDIX 
 
PERMISSION TO PUBLISH FROM WSSA 
 
Email sent on February 7, 2006  
 
 
 
Mr. Foley, 
 
According to the Graduate School at LSU, I must obtain written permission from Weed 
Technology to use my published material in my thesis in order for the Graduate School to accept 
it.  The article in reference in titled “Glyphosate Efficacy on Selected Weed Species is 
Unaffected by Chemical Co-application”, and was printed in Weed Technology, Volume 19, Pp. 
1012-1016.  I would appreciate it if I could get written permission to include this in my thesis as 
soon as possible.  Thanks for your help and I look forward to receiving your letter.  Thanks again 
and my address is below. 
 
Derek Scroggs 
Research Associate 
Dean Lee Research Station 
8105 Tom Bowman Drive 
Alexandria, LA  71302 
Office: (318) 473-6586 
Cell: (318) 308-2442 
Email: dscroggs@agctr.lsu.edu 
  
  
  
 
 
 54 
 55 
VITA 
     Derek McLain Scroggs is the oldest child of Chad and Pam Scroggs.  Born on September 26, 
1978, he grew up in a small community near Alexandria called Poland in South Central 
Louisiana.  He attended school at Poland Jr. High and went on to attend high school at Rapides 
High in Lecompte, Louisiana.  After high school, Derek attended Louisiana State University at 
Alexandria for two semesters, Northwestern State University in Natchitoches for three semesters, 
and finally graduated summa cum laude with a bachelor of science degree in agri-business from 
the University of Louisiana at Monroe in December 2000.  After graduation, Derek took a job 
with the LSU AgCenter as a Research Associate at the Dean Lee Research Station near 
Alexandria, Louisiana, and is currently located there.  On April 21, 2001, Derek married his 
longtime girlfriend Rebecca Dauzat and they currently reside in the community of Fifthward in 
Avoyelles Parish.  On February 13, 2003, they were lucky enough to have a beautiful daughter 
and named her Makenzie Grace Scroggs.  Currently Derek and Beckie are expecting their second 
daughter to arrive towards the end of May 2006.  After three years of work and marriage, Derek 
decided to enroll in graduate school in the Department of Agronomy and Environmental 
Management at Louisiana State University under the direction on Drs. Donnie Miller and Jim 
Griffin and is currently a candidate for the degree of Master of Science in agronomy with an 
emphasis in weed science.  Following graduation, Derek will begin a doctoral program in the 
Department of Agronomy and Environmental Management at Louisiana State University under 
the direction of Dr. Sandy Stewart.     
